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PREFACE. 


The  primary  object  of  this  report  ia  to  present  an  accurate  statement  of 
the  leBoIta  of  experiments  on  the  effect  of  inanition  on  metabolism  made  with 
a  number  of  men  in  the  chemical  laboratory  of  Wesleyan  TJniTereity,  Middle- 
town,  Connecticat.  It  is  believed  that  physiology  and  physiological  chemistry 
will  be  beat  aerred  by  presenting  the  data  accurately  and  in  sufiicient  detail 
rather  than  to  sacrifice  the  protocols  for  a  discuseion  that  at  best  can  be  but 
inadequate.  The  accumulation  of  the  ezperimentKl  data,  the  computation  of 
the  mults,  and  Uie  preparation  of  this  report  have  been  made  possible  only 
by  the  fidelity  and  loyalty  of  my  associales. 

Mr,  T.  M.  Carpenter,  in  immediate  supervision  of  the  greater  number  of 
the  respiration  calorimeter  experiments,  has  conducted  these  most  wearisome 
experiments  with  unusual  success. 

Hr.  H.  A.  Pratt,  aside  from  rendering  valuable  assistance  in  the  chemical 
laboratory,  has  superintended  the  computations  and  tabulations,  and  the  entire 
report  has  received  hia  helpful  editorial  criticism. 

Mr.  E.  M,  Swett  acted  as  physical  and  chemical  assistant  and  superintended 
the  determinations  of  the  heats  of  combustion  with  the  bomb  calorimeter. 

Miss  Charlotte  R.  Manning  had  charge  of  all  the  gas  analyses,  carbon  and 
hydrogen  combustions,  creatinine  determinations,  and  tbe  analyses  of  food. 

Mr.  E.  R.  Fulton  made  all  the  determinations  of  sulphur  and  phosphorus. 

Mr.  P.  P.  Fletcher  acted  aa  physical  assiatant  in  the  later  series  of  calo- 
rimeter experiments. 

Messrs.  J.  A.  Riche  and  R.  R.  Hartman  assisted  in  the  chemical  and  physical 
measurements. 

Mr,  W.  H,  Leslie,  Mias  A,  N.  Darling,  and  Mr.  H.  C,  Morgan  have  had  a 
large  share  in  the  tabulation  of  the  results  of  the  experiments  and  in  the  final 
preparation  of  the  report. 

The  stenographic  work  was  in  charge  of  Miss  A.  N".  Darling,  who  was  ably 
assisted  by  Miss  M.  K.  Palaey, 

Aside  from  a  corps  of  students,  special  mention  should  be  made  of  the 
assistance  in  the  computations  rendered  by  Messrs.  H.  L.  Enight  and  F.  W. 
Harder  and  Misses  H.  W.  Afwater,  E.  J.  Wright,  and  H.  L.  AlUng. 

It  is  a  great  pleasure  to  express  my  deep  sense  of  obligation  to  all  of  these 
co-workers  in  tlie  conduct  and  presentation  of  the  results  of  experiments  Uiat 
call  forth  all  the  patience  and  accuracy  of  the  trained  chemist,  physicist,  and 
computer. 
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My  thanks  are  especially  due  to  Dr.  A.  E.  Diefendorf,  pathologist  of  the 
Connecticut  Hospital  for  the  Insane,  Middletown,  Connecticut,  and  Prof. 
Lafayette  B.  Mendel,  of  Yale  TJniyeraity,  New  Haven,  Connecticut.  I  have 
from  time  to  time  enjoyed  the  valuable  counsel  and  advice  of  both  these  gen- 
tlemen. Vi.  Diefendorf  personally  made  a  very  large  number  of  the  blood 
examinations  and  furnished  a  statement  which  bas  been  embodied  in  this  report. 
Professor  Mendel  suggeeted  the  desirability  of  determining  the  creatinine  in 
the  samples  of  urine  in  the  fasting  experiments.  Some  of  the  determinations 
he  kindly  made  in  the  New  Haven  laboratory.  In  this  work  he  waa  assisted 
by  Mr.  0.  E.  Closson. 

F.  a.  B. 
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THE   INFLUENCE  OF  INANITION  ON 
METABOLISM. 


PART  1.    INTRODUCTION. 


Id  the  processea  of  life  the  tr&DBfonnations  of  matter  with  the  energy 
changes  dependent  npon  them  are  of  two  markedl;  different  kinda — katabolism 
or  the  breaking  down  of  body  material,  and  anabolism,  or  the  constractioa 
of  body  material.  Considering  the  body  aa  consisting  not  only  of  the  skeleton, 
moBcles,  glandnlar,  adipose,  and  other  tissue,  but  also  of  the  fluids,  snch  as 
blood  and  lymph,  it  is  perfectly  proper  to  consider  katabolism  as  t^at  process 
by  vhich  twdy  material  is  broken  down  as  a  result  of  oxidation  and  cleavage. 
Although  under  certain  conditions  of  inanition  there  may  be  distinct  anabolic 
processes  occurring  in  the  body,  such  as  tiie  mucb  discussed  formation  of  fat 
and  sugar  from  proteid,  yet  in  general  it  is  cnstomary  to  assume  that  anabolism 
follows  the  ingeetion  of  food.  This  anabolic  process  consists  in  taking  certain 
molecular  complexes,  such  as  those  in  tiie  protein,  fat,  and  carbohydrate  of  tooi, 
and  rearranging  the  fragments  of  the  molecules  in  such  a  manner  that  the 
re-formed  materiala  are  of  a  molecular  composition  best  suited  to  or  comparable 
with  the  structure  of  the  body.  While  the  molecular  siructnres  of  the  protein, 
fat,  and  carbohydrate  of  the  food  are  in  general  similar  to  those  of  the  body 
materials,  differences — indeed  material  differences — are  not  lacking.  Perhaps 
in  DO  group  is  this  lack  of  complete  uniformity  of  structure  more  Btiiking  than 
in  the  case  of  protein.  Recent  investigation  of  the  cleavage  products  in  the 
animal  and  vegetable  proteins '  shows  wide  differences  in  the  kinds  and  amounts 
of  the  molecular  complexes  of  which  these  intricate  molecules  are  composed. 

It  is  evident,  therefore,  that  the  fiDal  products  of  metabolic  activity  of  the 
livlDg  body  are  the  resultants  of  the  anabolic  and  katabolic  transformatioDS 
which  take  place.  Hence  each  study  of  metabolism  is  a  twofold  problem  in  which 
is  considered,  first,  katabolism,  or  the  actual  disintegration  of  body  material ; 
sec(md,  anabolism,  or  the  transformation  of  food  materials  into  body  material. 
Since  under  normal  conditions  these  two  processes  are  continually  occurring 
side  by  side  and  their  influences  are  correspondingly  interrelated,  it  is  emi- 
nently desirable,  if  possible,  so  to  adjust  the  conditions  of  experimentation  aa 
to  eliminate  the  complex  relations  necessarily  existing  between  the  processes  of 
anatKilism  and  katabolism. 

'Osborne  ft  GUbert,  Amer.  Joum.  PhysloL  (190S),  IB,  p.  883. 
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Food  IB  OBiially  ingested  at  more  or  less  regular  periods,  bo  that  the  anabolic 
procesBeB  proceed  without  interrnptioii ;  bat,  by  Tithholding  food,  the  anabolic 
activitieB  ma;  be  depreBsed  to  such  an  extent  as  to  make  the  Btady  essentially 
one  of  kataboljsm.  Gonsaqtiently,  Btndies  of  the  traiisfoTmati(mB  in  the  body 
during  inanition  are  of  great  value  and,  logically,  at  leasts  should  precede  the 
studies  in  which  anabolic  and  katabolic  processes  are  combined. 

While  it  may  legitimately  be  considered  that  Hie  first  day  Tithoat  food  is 
not  a  true  fast,  i.  e.,  a  metabolism  La  which  body  material  alone  is  involved, 
becanse  of  the  presence  of  unabeorbed  or  partially  digested  food  in  the  ali- 
mentary tract,  it  nevertheleea  seems  highly  probable  that  by  tlie  time  the  second 
day  of  fasting  begins  the  body  is  living  essentially  upon  its  own  substance. 
Since,  however,  the  retention  of  fecal  matter  may  result  in  a  more  or  less 
prolonged  absorption  and  thus  vitiate  in  a  email  way  the  assumption  that 
only  prefonned  body  material  is  being  consumed,  experimrats  of  more  than 
two  days'  duration  are  necessaryj  and  consequently  ezperimenta  during  pro- 
longed fast  should  be  included  in  any  complete  and  accurate  study  of  meta- 
bolism during  inanition. 

Although  as  a  rule  man  is  disinclined  to  fast  mote  than  half  a  day,  many 
persons  have  lived  with  no  food  whatever  for  periods  as  long  as  30  or  40  days. 
It  is  important  here  to  dlBtinguish  between  complete  abstinence  from  both 
food  and  water  and  abetinence  from  food  alone.  Experiments  have  shown  that 
life  can  not  be  sustained  for  any  considerable  period  when  both  food  and 
drink  are  withheld.  It  was  the  popular  impression,  at  least  in  the  early  and 
middle  ages,  that  certain  persons  were  able  to  subsist  upon  body  material  alone 
for  much  longer  periods  of  time,  extending,  indeed,  into  yean.  Fasts  of  more 
than  one  day's  duration  may  be  divided  into  six  classes. 

BELiaiOUB  visnsQ. 
Fasting  as  a  religioos  rite  has  in  many  recorded  instances  been  prolonged, 
and  more  or  less  complete.  The  accounts  of  such  fasts  are,  however,  so  clouded 
by  superstition  and  show  such  a  lack  of  accurate  observation  that  they  are 
without  value  to  science.  They  served  only  te  maintain  popular  belief  in  the 
ability  of  some  religious  ascetics  to  subsist  solely  on  the  eucharist,  and  of  soma 
possessed  of  devils  to  abstain  from  food  altogether.  Of  the  numerous  recorded 
instances  of  this  form  of  complete  or  partial  inanition,  many  are  cited  by 
Hammond '  and  Lnciani.* 
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Aside  from  those  directly  connected  with  the  church  and  religious  orders, 
nnmerons  instances  of  prolonged  fasting,  in  general  by  yonng  girls,  are 
recorded.* 

However  interesting  liiese  and  ilie  many  similar  instances  may  be  to  the 
psychologist  and  theologian,  they  can  of  necessity  have  no  scientific  valoe,  and 
any  attempt  to  discuss  fhem  and  the  degree  of  probability  of  the  varioos  con- 
ditions asserted  as  controlling  them  would  be  ont  of  place  here.  Onr  piesemt- 
day  knowledge  of  the  processes  of  metabolism  is  fi^ed  to  such  a  degree  that 
fasts  as  prolonged  as  many  of  the  religions  fasts  were  asserted  to  have  been 
are  inconceivable.  It  remains,  however,  to  be  proven  that  there  may  not  be 
instances  of  snspended  animation  approximating  the  hibernation  of  the  cold- 
blooded rni'mnlHi,  in  which  man  may  subsist  on  his  own  body  substance  for  a 
period  of  months.   On  this  point,  however,  scientific  observations  are  lacking. 

FASTING  OF  THB  INSANB. 

A  cbaractoristic  of  many  delusions  is  a  revulsion  towards  food  and  drink, 
BO  marked  indeed  that  in  many  instances  all  the  skill  of  the  trained  psychiatrist 
is  required  to  combat  it.  In  a  large  proportioD  of  such  cases,  artificial  feeding 
must  be  resorted  to. 

In  a  number  of  instances  such  insane  patients  have  been  allowed  to  fast  for 
a  number  of  days  and  observations  of  more  or  less  value  have  been  made  upon 
their  general  condition  of  nutrition.  In  many  other  instances  the  fasting  had 
proceeded  for  a  considerable  time  before  the  condition  of  the  patient  became 
known  to  the  physician.  Hammond '  cites  the  case  recorded  by  Esquirol  *  of 
a  person  suffering  with  melancholia  who  died  after  18  days  of  complete  absti- 
nence ;  Desportes,*  of  a  similar  patient  who  lived  for  two  months,  consuming 
only  a  little  water. 

Francis  *  reports  a  case  of  a  supposedly  bewitched  negress  who  took  but  two 
small  cups  of  water  during  3  weeks.  McK'aughton  *  reporte  a  case  of  a  young 
man  who  lived  with  no  food,  but  with  water,  for  53  days. 

Other  cases  are  cited  by  Lucianj,**  and  it  is  unmistakably  true  that  fasts  of 
weeks,  if,  indeed,  not  months,  have  been  observed  in  cases  of  insanity.   Modem 

•  Hammond  refers  BpecUtcally  to  tbe  work  of  Bncoldlanus,  "  De  puella  quae  slno 
clbo  et  potn  vltam  translglt,"  Parisils  Ann.,  voxui;  CIteelua,  C^uscula  Medlca, 
PaiigUa,  1G39,  p.  64;  Fabrlclna,  Obaervatlonnm  et  cur&Uonum  cblrarKlcaa,  centurltt 
BocnndA,  GeneTae,  1611,  p.  116;  Fowler,  A  oomplete  history  of  the  Welsb  tasting 
girl  (Sarab  Jacob),  wltb  comments  thereon,  and  obserratlona  on  death  from  gtar- 
vatloD.  London,  1S71. 

■  hoc  clt,  p.  64. 

*DflB  maladies  mentalec,  Paris,  1888,  p^OS. 
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methods  of  treatment  preclnde  ench  prolongecl  faetti,  since  as  a  role  nntritire 
enemata  and  tnbe-feeding  are  r^nlarly  employed. 

BTABTATION  THBODQH  AOOIDKNT. 

There  are  od  record  many  authentic  cases  of  persona  in  sbipwrecks,  coal- 
mine diaaaters,  etc.,  who  have  been  deprived  of  food  for  considerable  periods. 
In  a  number  of  these  cases  "  individaala  have  been  rescued  after  having  with- 
stood fasts  of  from  14  to  25  days,  thoogh  in  nearly  every  instance  drinklDg- 
water,  at  least  in  limited  amonnts,  was  accessible. 

PATHOLOOIOAL  FASTENQ. 

Pathological  cases  involving  disturbances  of  the  alimaitary  tract  which 
preclude  the  ingestion  of  food  are  onfortnnately  only  too  common,  and  since 
the  majority  of  sach  cases  have  beea  in  the  hands  of  intelligent  physicians, 
careful  obsrarvations  have  been  recorded  in  many  instances.  Since  the  method 
of  treatment  involved  the  iogestioD  either  per  os  or  per  rectum  of  varying 
quantities  of  food,  such  cases  are  uot  comparable  with  complete  fasting. 
Furthermore,  the  pathological  nature  of  the  cases  may  in  many  instaoceB  hare 
resulted  in  an  abnormal  metabolism. 

FASTING  IN  HSTNOTIO  BLEEP. 
To  this  class  nndoubtedly  belong  many  of  the  so-called  cases  of  suspended 
animation  which  have  frequentiy  been  observed  in  the  Hindu  fakirs,  and  more 
especially  in  recent  years  in  certain  cases  in  which  hypnotic  soggestioD  has 
been  of  practical  use  in  studying  problems  of  nutrition.  The  best  known 
instance  of  the  use  of  hypnosis  for  this  purpose  is  the  case  reported  by  Hoover 
and  SoUman." 

FHYaiOLOGIOAL   FASTIHO. 

Fhysiol(^cal  fasting  as  distinguished  from  fasting  as  a  result  of  mental 
or  pathological  lesions  may  be  defined  as  the  voluntary  fasting  of  normal 
subjects.  Either  for  purposes  of  exhibition  or  scientific  experiment,  a  number 
of  such  fasts  more  or  less  prolonged  have  been  made. 

Qiovanni  Succi,  the  professional  faster,  has  made  a  number  of  fasts  of  from 
10  to  30  days*  duration.  Dnring  many  of  these  fasts  scientists  have  cooperated 
to  secure  more  or  less  complete  physiological  studies  of  the  effect  of  fasting  on 
metabolism. 
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of  ft  6-day  fast  made  with  a  medical  student,  "  J.  A.,"  in  the  Stockhoka  laborar 
toTj  by  Johansson,  Landergren,  Sond&i,  and  Tigerstcdt  These  and  oUier 
ezperimentB  with  mra  will  freqoenily  be  referred  to  in  this  report 

An  examination  of  the  Tarions  kinds  of  fasts  ontlioed  above  shows  that  a 
distinction  may  be  made  between  what  may  be  termed  normal  and  patholo^cal 
fasting.  The  first;  second,  and  probably  even  the  third  class  should  be  included, 
with  tiia  fonrth,  onder  the  head  of  "  Pathological  fasting."  A  critidam  has  been 
raised  "  as  to  whether  insane  patients  are  abnormal  as  regards  their  metabolism. 
According  to  Taczek  "  there  is  every  reason  to  believe  that  in  many  instances 
persons  mentally  nnsoond  have  an  abnormal  metabolism.  Admitting  that  the 
mental  attitude  may  produce  abnormaUties  in  metabolism,  it  is  not  at  all 
unreasonable  to  suppose  that  in  instances  where  persons  are  deprived  of  food 
throngh  accident  the  mental  strain  may  likewise  result  in  abnormal  metabolism. 
It  is  thus  seen  that  only  in  the  case  of  the  hypnotic  subjects,  profesaional 
fastere,  and  other  voluntary  subjects,  can  we  have  what  may  he  clearly  asserted 
to  be  normal  or  "  physiological "  fasting. 

STUDY  OP  FASTING  WITH  AJOMAIB. 

Becognizing  the  difSculty  of  secnring  willing  human  subjects,  investigatioDS 
on  the  metabolism  of  fasting  animals,  usually  dogs,  have  been  ntade^  The 
results  obtained  are  of  valne  to  physiology  in  general,  bnt  of  lees  valne  to  boman 
physiology.  The  metabolism  of  the  dog  is  not  that  of  man,  for  the  nature  of 
the  food  is  such  as  to  demand  markedly  different  treatment  in  the  alimentary 
tract.  Both  the  stimuli  to  secretion  and  the  composition  of  the  digestive  fluids 
are  markedly  different,  and  it  seems  probable  that  the  deductions  from  the 
experiments  with  Aniir'tl''  are  of  questionable  value  when  applied  to  men. 
This  is  perhaps  even  more  noticeable  in  experimenting  in  pharmaoology  than 
in  physiology,  yet  it  is  true  that  marked  differences  in  physiological  character- 
istics are  observed  between  animals  and  men.  While,  therefor^  in  this  report 
the  attempt  is  made  to  give  a  complete  bibhography  of  scientific  experiments  on 
fasting  men,  reference  in  the  text  to  experiments  on  animals  is  made  only  as 
occasion  demands,  and  there  is  no  attempt  to  present  a  complete  list  of  the 
experiments  on  fasting  animals." 

■■Atwater,  Eleventb  annual  report  ol  tlie  (New  Tork)  State  commlsslta  In 
lunacy  (1899).  p.  202;  Polln,  Amer.  Jour.  Insanltr  (1904),  00,  No.  4,  and  01,  Na  S. 

"ArctilT  tSi  PB7chlatrte  u.  Nervenkrankbelt«n  (18S4),  IB,  p.  784. 

"  F.  A.  Falck,  Beltrfige  rar  Ph;slol(«1e,  Hygiene,  PbarmakoloKle  nnd  Taxlhologle 
(187B),  baa  an  excellent  blbllograpliy  of  all  work  on  metabolism  daring  tasting 
completed  prior  to  1S75.  Other  bibllographln  at  the  subject  are  given  by  Weber, 
Ergebnlase  der  Pbyslologle  (190Z),  1,  p.  702;  Schaeter,  Textbook  of  Physiology 
(189S),  vol.  I,  p.  891;  Atwater  ft  lAngworthy,  A  digest  of  metabolism  experlmvita 
(1898),  BnlL  46,  Office  of  Experiment  SUtlons,  tJ.  S.  E>ept.  of  Agriculture;  ia  the 
praparatlcni  of  this  report,  the  excellent  Index  Catalogue  of  the  Library  of  tbe 
SurgeonKJeneral's  Office,  U.  S.  Army,  Washington  (1880-1904),  has  been  of  great 
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BTUDT  OF  FA8TIN0  WITH  ICEN. 

While,  as  was  seen  in  a  preceding  section,  it  has  not  been  uncommoD  for  man 
to  fast,  efforts  to  make  a  scientiiLc  study  of  fasting  other  than  the  general 
observations  as  to  loss  in  weight,  strength,  etc.,  were  not  made  until  a  com- 
paratiTely  recent  date.  Autopsies  were  occasionally  made  on  the  bodies  of 
persons  who  had  died  as  a  result  of  in&nitioD  and  the  results  recorded  by 
attending  physicianB,  but  the  first  scientiflc  experiment  to  determine  the  effect 
of  fasting  on  metabolism  in  man  was  not  made  until  1836,  when  Lassaigne  " 
stndied  the  urea  ou^ut  of  an  insane  patient  who  fasted  18  days. 

The  first  observations  on  the  carbon  dioxide  elimination  of  man  during 
inanition  were  made  by  Scharling  **  in  1843. 

The  most  extended  researches  on  the  metabolism  of  man  during  inanition 
are  those  made  oo  the  professional  faster  Succi  by  Luciani,"  E.  Frennd  and 
0.  Preund,"  D.  Baldi,"  Ajello  and  Solaro,"  Daiber,""  Bnigsch,"  and  Tauszk.' 
The  experiments  of  Lehman,  Miiller,  Munk,  Senator,  and  Zuntz,"  on  the  pro- 
fessional fasters  Cetti  and  Breithaupt,  and  the  observations  of  Johansson, 
Sond^,  Landergren,  and  Tigerstedt'  on  a  medical  student,  included  deter- 

NoTB. — Since  this  report  was  written,  tliree  papers  reporting  tlie  results  of  a  16- 
dar  experiment  (March  9-24,  1906)  with  a  professional  fasting  woman  (Schenk) 
have  appeared  trom  the  second  medical  clinic  In  Berlin.  These  three  papers 
appeared  In  the  Zeltschrltt  fflr  ezperlmentelle  Fathologle  nnd  Theraple  (1906), 
Tol.  3;  Gesammt-N-  und  Aminos&urennausscheldung  Im  Hunger,  Dr.  Theodor 
BmgBCh  and  Dr.  Rahel  Hlrsch,  pp.  638-646;  Die  Sflurebllduns  Im  Hunger,  M.  Bdn- 
nlger  and  L.  Mohr,  pp.  676-6ST;  tJeber  die  Darmfftulnlss  Im  Hunger,  R.  Baumatark 
and  L.  Mohr,  pp.  6S7-691. 

In  a  private  communication  Dr.  Otto  Polln,  of  the  McLean  Hospital  at  Waverley, 

Mass.,  has  announced  the  analyses  of  the  urine  In  a  6-dar  fasting  experiment  with 

^.  an  Insane  man.    Dr.  Foltu  also  writes  that  Dr.  B.  P.  Cathcart,  of  the  Unlversltr  ot 

^SV*a>3»(4^Bdluliuigk|  1b  at  present  studying  the  nitrogenous  output  of  man  during  Inanition. 

■^  Neither  of  these  investigators  has  as  ret  published  his  results. 

With  the  cooperation  of  Dr.  A.  R.  Dlefendorf,  of  the  Connecticut  Hospital  for 
the  Insane  at  Mlddletown,  Connecticut,  the  writer  has  recently  completed  the 
analyses  of  the  urine  of  a  lasting  Insane  woman  who  abstained  both  trom  food  and 
drinlc  tor  110  hours  and  trom  food  a  total  of  161  hours.  The  results  are  reported  In 
the  American  Journal  of  Physiology,  1907,  18. 

"Jour.  d.  cblm.  med.  (tS26),  i,  p.  272,  cited  by  Toit  (Herman's  Handbuch  der 
Physiologie  (1881),  vi,  1,  p,  84).  Toit  also  records  many  other  early  observations 
regarding  urea  output  during  tasting. 

"Annalen  der  Chemte  und  Phannacie  (1843),  45,  p.  244. 

*  Das  Hungem,  Leipzig,  1890. 

"Wiener  kiln.  Rundschau  (1901),  Ifi,  pp.  69-71  and  91-93. 

"C^ntralbl.  f.  kiln.  Medtcin  (1889),  10,  p.  661. 

"  lA  Rlforma  Medlca  (1893),  ix,  S,  p.  642. 

•"  SchweLc.  Wchschr.  Pharm.,  34,  p.  896. 

■Ztschr.  f.  exper.  Path.  u.  Theraple  (1906),  1,  p,  419. 

'OrvoBi  hetllap,  Budapest  (1894),  p.  612. 

"ArchlT  t.  path.  Anatomie  u.  Physiol,  u.  t  kiln.  Medicin  (1893),  131,  Supple- 
mmthett  1-228. 

■Skan.  ATBhiv  t  Physiologie  (1897),  7,  p.  29. 
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imnati(Hu  of  the  Teapintory  gases.  Finall;  lefereoce  sboiild  be  made  to  the 
BtaAj  of  fasting  metabolism  b;  Sadovy^i  *  in  the  Pashatin  appuatoB  at  St 
Petersburg,  in  which  not  only  the  nihx^en  but  the  carbon  dioxide  eliminatipn 
vas  determined,  the  1-da;  experiment  of  LilchacheT  '  in  tiie  Fashntin  appar- 
TatnB,  which  was  so  modified  as  to  measure  the  heat  elimination,  and  the  obset- 
vationB  of  van  Hoogenhuyze  and  Verplo^  "  on  the  fasting  girl  Flora  ToBca. 

PLAN  AND  PURPOSE  OF  THE  EXPERIMENTS  HERE  REPORTED. 

The  importance  of  the  stndy  of  the  fasting  metabolism  was  early  recognized 
in  the  experiments  on  the  notrition  of  man  that  hare  been  in  progress  in  this 
laboratory,  and  the  results  of  three  24-hour  experiments  and  one  48-houT 
experinLent  were  leported."  In  these  experiments  the  determinations  indaded 
those  of  nitrogen,  carbon  dioxide,  water,  and  heat  In  the  computation  of  the 
results  of  these  experiments,  the  assumption  was  made,  as  is  usual  in  metabolism 
experiments  in  which  the  determination  of  the  oxygen  intake  is  not  made,  that 
the  amount  of  carbohydrate  in  the  body  remained  unaltered.  The  error  of  this 
assumption,  especially  in  experim^its  on  fasting,  was  cmly  too  obvions,  but 
not  until  provision  was  made  for  a  direct  determination  of  the  oxygen  consumed 
was  it  possible  to  secure  any  definite  knowledge  r^arding  the  changes  in  Qie 
store  of  glycogen. 

The  modified  form  of  respiration  calorimeter "  makes  it  possible  to  deter- 
mine not  only  the  metabolism  of  nitrogenous  material,  but  also  the  carbon 
dioxide,  water,  and  heat  ou^ut  and  oxygen  intake.  With  the  new  apparatus 
and  increase  in  number  of  determinable  factors,  a  series  of  experiments  to 
study  as  completely  as  possible  the  metabolism  in  fasting  men  was  planned. 
This  investigation  was  made  poseiblo  by  liberal  grants  of  the  Carnegie  Insti- 
tution of  Washington. 

According  to  the  plan  of  the  experiments,  the  respiratory  exchange  and 
heat  output  were  made  the  special  Bubjecte  of  study.  Experiments  during 
prolonged  fasting  were  included  to  note  the  fluctuations  in  metabolism  from 
day  to  day,  and  since  the  number  of  subjects  available  for  long  fasts  was  limited, 
a  series  of  2-day  fasts  with  a  number  of  men  was  included  to  eliminate  tiie 
infiueuce  of  individuali^.  The  rapidi^  and  amount  of  gain  of  nitrogenous 
material  in  the  body  consequent  upon  the  ingestion  of  food  after  a  prolon|;ed 
fast  was  studied  as  a  cloeely  related  supplementary  problem. 

"Tmdl  RoBskaTo  obBbtsliestTa  ofcliraBeniya  Narodnavo  Zdravla   (188S),   IS, 
pp.  1&-76,  St  Feteraburs. 
"DlMertatlon,  St.  FeUraburs  (1893). 
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method  of  investigation. 

In  any  Btndy  of  metaboUam,  the  greater  the  nmnbei  of  series  of  simultaneooB 
obseiratioDS  on  the  same  person,  the  more  nearly  does  the  study  approximate 
completeness.  The  nnmber  of  factors  which  may  be  determined  ta  limited  by 
the  conditions  aurromiding  an  experiment,  and  while  the  nse  of  the  respiration 
calorimeter  enables  us  to  secure  data  heretofore  not  attainable,  the  nature 
of  the  apparatus  is  such  as  to  preclude  many  physical  and  psychical  obser- 
vations which  might  have  been  obtained  on  a  subject  living  outside  tiie  chamber 
of  the  respiration  apparatus. 

The  obserrationB  made  in  these  studies  naturally  divide  themselves  into  four 
classes — grosser  or  general  observations,  and  physiological,  chemical,  and 
physical  measurements.  The  following  sections  enumerate  the  observations 
themselves  and  the  methods  employed  in  obtaining  them. 

OB0S6EB  OBSEBVATIOKS. 

In  all  of  the  instances  of  prolonged  fasting  which  have  been  observed  by 
BcientiBtA,  certain  grosser  observations  have  been  made  which  deal  for  the  most 
part  with  the  physical  appearance,  loss  in  weight,  and  general  mental  and 
physical  condition.  Such  observations  were  likewise  made  in  connection  with 
the  series  of  experiments  here  reported,  although,  as  has  been  pointed  out 
above,  they  were  made,  at  times,  with  considerable  difficulty. 

Body-weight. — By  means  of  the  special  form  of  weiring  apparatus  described 
in  an  earlier  report,"  accurate  observations  on  body-weight  were  possible  in 
all  save  the  first  experiment  XTse  is  made  of  the  fluctuation  of  the  body- 
weight  not  only  to  note  the  condition  of  the  subject  but  also  as  a  check  upon 
the  accuracy  of  the  determinations  of  intake  and  output.  The  total  weight  of 
income  and  the  total  weight  of  outgo  being  known,  the  difference  between  them 
may  be  determined  and  should  represent  body  substance  gained  or  lost;  this 
could  be  readily  checked  by  means  of  the  weights  recorded  by  the  special 
apparatos  for  obtaining  body-weight. 

Examination  by  physidaa, — In  a  study  of  fasting  involving  abstinence 
from  food  for  a  number  of  days,  it  was  deemed  important  to  have  careful 
examinations  made  of  the  subject  from  time  to  time  by  a  skilled  physician; 
c<»[iaeqaently  it  was  arranged  to  have  Dr.  John  E.  Loveland,  of  Middletown, 
Connecticut,  make  careful  examinations  of  all  the  subjects  of  these  experi- 
ments, and  also  to  examine  the  subjects  of  long  experiments  on  each  day  of  the 
eznerimftnta  nmner.     The  observations  of  the  nhvsician  were  for  the  most 
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the  blood  pressure  by  means  of  the  sphygmomanometer.  Since  the  obliteration 
of  the  radial  pnlse  is  necessary  for  the  aaccessfol  determination  of  the  blood 
pressure,  poor  Buccese  attended  its  xue.  In  order  to  enable  the  attending 
physician  to  note  the  character  of  the  ptdse,  a  provinion  was  made  for  attach- 
ing a  thin  rubber  diaphragm  to  the  Wist  of  the  physician  and  fboi  inclosing 
this  in  the  outer  end  of  the  food  aperture  in  each  a  manner  that  no  air  could 
enter  or  escape.  On  opening  the  inner  end  of  the  food  aperture,  the  subject 
could  then  plftce  his  hand  in  such  a  manner  Qui  the  physician  conld  obtain 
the  radial  pulse.  This  procedure,  unfortunately,  could  not  be  used  simulta- 
neously with  the  sphygmomanometer.  It  is  further  to  be  regretted  that  the 
technique  of  this  operation  was  not  completely  developed  before  it  was  first 
used,  and  hence  certain  sli^t  errors  due  to  leakage  of  air  were  unavoidable  on 
one  or  two  occasions.  By  means  of  the  analysis  of  the  air  in  the  chamber  at 
the  end  of  each  day,  however,  it  was  possible  to  correct  for  the  amount  of  the 
leak  vritb  great  accuracy. 

PHTSIOLOOICAL  USASUBSUENTB. 

The  same  difficultiee  which  attended  the  making  of  grosser  observations  on 
the  subject  prevented  a  thorough  series  of  physiological  measurements,  such  as 
could  be  obtained  with  a  subject  moving  freely  about  the  laboratory.  It  is  very 
much  to  be  r^^vtted  that  the  observations  actually  made  could  not  have  been 
amplified  and  a  greater  amount  of  data  secured.  Fortunately,  however,  the 
study  of  Succi  by  Lnciani  was  especially  complete  in  observations  of  this 
nature,  and  inasmuch  as  Succi's  fasting  experiment  lasted  for  30  days,  it  is 
fair  to  assume  that  the  data  obtained  by  Luciani  could  not  be  greatly  amplified 
by  any  data  secured  in  an  experiment  of  such  short  duration  as  1  days. 

Meaturemenls  of  body  temperature. — In  spite  of  the  diEBculties  of  making 
physiological  observations  on  a  subject  inclosed  in  a  respiration  chamber,  it 
was  possible  to  secure  the  body  temperature  of  the  subject  with  great  accuracy 
by  means  of  a  rectal  thermometer,  fully  described  elsewhere."  By  means  of  this 
thermometer,  which  is  on  the  principle  of  a  bolometer,  the  variations  in 
electrical  resistance  of  a  fine  platinum  wire  inclosed  in  a  pure  silver  tube  and 
inserted  several  centimeters  in  the  rectum  can  be  obeerved  at  will.  While  the 
majority  of  our  subjects  have  experienced  no  diflSculty  in  wearing  this  electiical 
resistance  thermometer  for  a  considerable  period  of  time,  the  subject  of  the 
Ioniser  fastinir  exoerimentH  found  this  difficult  and  it  was  oulv  durin?  r«rtain 
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a  number  of  caeea  where  the  rectal  tiienuometer  vas  not  worn,  his  temperatnn 
was  taken,  usually  in  the  mouth,  by  means  of  a  clinical  thermometer. 

Pulse  rate. — Ah  a  measure  or  an  index  of  tiie  d^ree  of  internal  muscular 
aotiTity,  the  pulse  and  respiration  rates  are  of  great  value,  and  consequently 
in  any  series  of  obsenrationB  which  include  total  heat  production  it  is  desirable 
to  have  a  continuous  record,  if  possible,  of  the  pulse  rate  and  the  respiration 
rate.  In  the  longer  fasting  experiments  here  reported,  the  subjects  made 
observations  of  their  own  pulse  rate,  sometimes  as  frequently  as  every  half  hour. 
Each  subject  was  instructed  to  count  the  radial  pulse  for  upwards  of  2  minutes, 
noting  the  count  during  one  minute  and  using  the  second  minute  as  a  check  on 
the  first  count  Obviously  this  gave  no  pulse  records  during  sleep,  and  this 
omission  seemed  so  aerioufl  that  an  apparatus  for  indicating  the  pulse  rate 
during  ib.6  whole  day  was  secured. 

Through  the  kindness  of  Prof.  W.  T.  Porter  a  Fitz  pneumograph"  was 
obtained.  This  pneumograph  was  adjusted  around  the  chest  of  the  subject 
and  a  stout-walled  transmission  tube  used  to  connect  the  pneumograph  witii  a 
glass  tube  in  the  inner  door  of  the  opening  through  which  food  is  passed  into 
the  chamber.  A  flexible  rubber  tubing  connected  tiie  tube  in  the  inner  door 
with  one  in  the  outer  door  of  this  compartment,  and  finally  a  rubber  tube 
connected  the  tube  in  the  outer  door  with  a  tambour.  In  spite  of  this  long 
transmission,  a  distance  of  some  3  or  4  meters,  the  form  of  tambour  used  gave 
excellent  results.  Prof.  W.  B.  Cannon,  of  the  Harvard  Medical  School,  kindly 
came  to  Middletown  and  assisted  in  adapting  this  apparatus  to  the  conditions 
of  experimentation.  It  was  ascertained  that  when  the  pneumograph  was 
adjusted  carefully  over  the  apex  beat  of  the  heart  the  pulse  rate  could  be  very 
accurately  noted.  In  the  earlier  tests  a  curve  was  traced  on  smoked  papa?. 
It  was  found  later  iliat  the  curve  was  unnecessary,  since  the  vibra.tionB  of  the 
pointer  of  the  tambour  were  so  marked  that  the  observer  could  count  the 
respirations  without  difl5culty.  This  apparatus  served  its  purpose  admirably 
and  has  resulted  in  our  obtaining  many  observations  of  pulse  rate  during  sleep 
that  would  have  been  otherwise  unobtainable.  During  certain  of  the  fasting 
days,  and  especially  during  certain  periods  of  the  experimental  day,  the  strength 
of  the  pulse  seemed  to  fall  oEF  to  su^  an  extent  that  the  minor  vibrations  of  the 
pointer,  due  to  the  transmission  of  the  pulse  waves,  were  so  small  as  to  be 
recognized  with  difficult.  Furthermore,  special  precautions  were  necessary  to 
make  sure  that  the  pneumograph  remained  in  approximately  the  position  in 
which  it  was  originally  adjusted.    For  this  purpose,  two  or  three  straps  of 
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experiment  and  very  little,  if  any,  discomfort  was  experienced  from  having 
it  about  the  chest,  even  during  the  hours  of  sleep. 

Respiration  rate. — In  addition  to  the  work  of  circulation,  the  work  of  respi- 
ration forms  s  considerable  portion  of  the  total  amount  of  internal  muscular 
work  and  consequently  any  accnrat«  data  regarding  the  rate  of  respiration 
are  of  importance  in  all  measuremente  involying  energy  transformation. 
Various  attempts  have  been  made  previously  in  this  laboratory  to  secure  the 
rate  of  respiration  of  subjects  during  experiments.  By  the  nse  of  a  slop  watch 
the  attempt  has  been  made  to  count  the  respirations  by  looking  through  either 
the  glass  window  in  the  front  of  the  chamber  or  the  glass  doors  of  the  food 
compartmoit.  But  little  success  attended  these  attempts,  for  the  subject  moved 
so  frequently  that  it  was  impossible  to  count  the  rise  and  fall  of  the  chest  for 
any  great  length  of  time.  Furthermore,  the  subject  very  soon  became  aware 
of  the  fact  that  the  respiratiim  rate  was  being  counted^  and  the  difficulties  of 
counting  the  rate  of  respiration  when  the  subject  knows  that  the  count  is  being 
made  are  only  too  well  nnderstood  by  physicians.  The  pneumograph  is 
ideally  adapted  for  giving  the  desired  data.  Indeed,  it  was  extremely  fortunate 
Qiat  with  the  same  piece  of  apparatus  two  such  valuable  factors  could  be 
measured.  When  the  curve  of  the  respiration  was  drawn  upon  smoked  paper, 
there  was  obviously  a  superimposed  curve  of  a  much  smaller  amplitude  showing 
the  pulse.  Singularly  enough,  it  was  found  that  during  the  waking  period, 
when  the  subject  was  more  or  less  actively  moving  about,  more  difficulty  was 
experienced  in  obtaining  the  respiration  rate  than  the  pulse  rate;  for  while 
the  slight  vibration  of  the  pointer  for  each  pulse  beat  could,  as  a  rule,  be 
detected  by  the  observer,  the  grosser  vibrations  due  to  the  rise  and  fall  of  the 
chest  vrere  frequentiy  masked  by  fluctaations  due  to  body  movements.  This 
was  particularly  true  during  the  period  when  meals  were  eaten.  On  the  other 
hand,  during  the  night  and  at  times  when  the  pulse  rate  became  very  feeble 
and  almost  impossible  to  recognize,  it  was  practically  always  possible  to  obtain 
the  respiration  rate. 

Strenfflh  testt. — The  importance  of  securing  data  regarding  the  effect  of 
inanition  on  strength  has  been  recognized  heretofore.  The  observations  made 
by  the  subject  of  ttie  experiments  of  Johansson,  Landergren,  Sondto,  and 
Tigerstedt,"  in  which  the  subject  noted  the  length  of  time  he  could  suspend 
himself  on  the  arm,  were  of  much  value.  Unfortunately,  with  the  subject  of 
the  prolonged  fasts  here  reported,  tests  of  strength  were  not  included,  as  the 
multiplid^  of  other  observations  made  it  difficult  to  include  these  in  the 
daily  routine.  In  the  later  group  of  experiments,  made  on  diflerrat  subjects,  a 
series  of  strength  tests  was  made  with  the  Tiemann  hand  dynammueter  before, 
daring,  and  after  the  doee  of  the  fast.    Inasmuch  as  the  element  of  fatigue  is 
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alBO  important,  record  was  kept  of  all  the  mdiridnal  testa.  In  aome  of  the 
earlier  experimenta  a  trial  was  made  first  with  tbe  right  hand,  then  with  the 
left  hand,  again  with  the  right,  and  then  with  the  left,  alternately,  until  five 
or  BJx  tests  with  each  hand  had  been  made.  In  the  later  aeriea  five  tests  were 
made  with  the  right  hand  and  five  with  the  lefi  The  data  secured  fumiah 
evidence  aa  to  the  rapidity  of  the  uiset  of  fatigue  as  afEected  by  inanitioD. 

Blood  examination. — Some  of  the  earlier  observations  "  indicated  noticeable 
morphological  changes  in  the  composition  of  the  blood,  and  it  seemed  desirable 
to  obtain  from,  the  subject  of  these  experiments  sndi  data  as  waa  possible. 
Accordingly,  during  some  of  the  prolonged  fasts,  a  number  of  blood  exam- 
inations were  made.  The  blood  examination  consiated  of  a  etady  of  smears 
and  the  determination  of  hemoglobin  and  the  number  of  lencocytee  and  ery- 
tlirocytes  per  cubic  millimeter.  During  the  period  before  fasting  and  that 
after  the  anbject  left  the  calorimeter,  no  special  difficulty  was  experienced  in 
making  these  examinations.  Since,  however,  in  most  of  the  long  fasting 
experimrata,  the  fasting  concluded  and  the  experiment  with  food  began  while 
the  Bubject  waa  still  inside  the  respiration  chamber,  great  difficulty  was 
experienced  in  securing  samplea  of  blood  for  these  testa.  In  order  to  obtain 
blood  samples  during  the  calorimeter  experiments,  a  device  similar  to  that 
arranged  for  the  examination  of  the  subject's  pulse  by  the  physician  was  used. 
This  consiated  of  a  thin  sheet  of  robber,  through  the  center  of  which  a  small 
hole  was  cut  A  tJiimble  was  inserted  in  this  hole  and  the  rubber  diaphragm 
fastened  to  a  frame  made  by  removing  the  glaas  from  an  extra  outer  door  to 
the  food  compartment.  When  thia  frame  was  closed,  it  made  an  air-tight 
closure.  The  subject  was  instructed  to  open  the  inner  door  of  the  food  com* 
partment,  insert  his  middle  finger  into  tiie  thimble,  and  then  give  a  sudden 
thrust  In  this  manner  the  finger  was  accessible  to  tbe  observer  outside  of  tbe 
calorimeter  and  no  air  could  enter,  as  the  sheet  rubber  closed  tightiy  about  the 
finger.  Obviously  this  procedure  is  open  to  the  objection  that  more  or  less 
constriction  is  placed  upon  the  finger  and  conaequentiy  there  may  be  en 
abnormality  in  the  blood  taken  in  the  sample.  Aa  a  matter  of  fact,  during  the 
long  fast  it  was  extremely  difBcoIt  to  get  any  blood  for  the  tests  and,  conse- 
quently, they  are  very  incomplete. 

OEBUIOAL  UEA3UBEUENTS. 

The  chemical  measurements  in  connection  with  the  metabolism  exnerimenta 
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Food,  feces,  and  urine. — Although  the  object  of  the  eiperimente  here  reported 
was  primarily  the  stndy  of  metaboliflm  during  fasting,  there  was  opportunity 
to  study  the  effect  of  fasting  on  metaboliun  when  food  via  gives  after  fasting ; 
hence  the  chemical  examination  of  food  was  included  in  nun;  of  the  etodies 
here  reported. 

The  chemical  determinations  made  in  these  experiments  included  water,  ash, 
nitn^en,  carbon,  organic  hydrogen,  ether  extract,  sulphur,  and  phosphoms  of 
food  and  feces.  In  addition  to  the  above  t^  examinatioD  of  the  urine  incladed 
determinations  of  chlorine,  phosphoric  acid,  snlphnric  acid,  creatine,  and 
creatinine. 

Sampling  and  weighing  for  analyses. — In  so  far  as  possible,  the  determi- 
nations were  made  on  fresh  material.  This  was  always  the  case  with  foods. 
With  feces  a  preliminary  drying  was  necessary.  This  drying  was  done  in  a 
vacnom  desiccator.    Urine  was  delivered  from  carefully  calibrated  pipettes. 

Wat^. — While  formerly  the  water  was  determined  by  noting  the  loss  in 
weight  of  the  substances  when  heated  at  about  100°  C,  experience  in  this 
laboratory  has  shown  that  this  method  is  open  to  criticism.  Accordingly,  water 
determinations  in  this  series  of  experbnents  were  made  by  the  vacuum  method." 

Ash. — Ash  was  determined  by  charring  a  sample  of  the  dried  material, 
extracting  the  charred  mass  with  water  to  remove  the  more  volatile  salts, 
igniting  the  residne,  and  evapoiating  the  extract, with  the  residue  at  very 
low  red  heat.  The  determination  of  ash  has  by  no  means  the  scientific  accuracy 
of  the  other  determinations  made  in  connection  with  these  experiments,  since 
tiie  composition  of  the  material  weired  as  ash  may  vary  noticeably  with  the 
method  of  treatment  Arrangements  could  not  be  perfected  in  time  to  make  the 
determinations  of  the  calciom,  magnesiom,  and  potassium,  bat  the  cmde  ash 
determination  is  not  without  value. 

Nitrogen. — Nitrogen  was  determined  by  the  Kjeldahl  method,  mercnry 
being  nsed  to  facilitate  oxidation  and  potassium  sulphide  to  destroy  the  mercur- 
ammoninm  componnds  in  the  distillation.  The  distillation  was  carried  out  in 
a  special  form  of  still." 

The  accuracy  of  the  nitrogen  determinations  was  very  frequently  checked 
by  testing  one  or  more  materials  of  known  nitrogen  content,  such  as  ammonium 
solphate,  ammonium  ferrous  sulphate,  urea,  and  uric  acid.  In  such,  testa  the 
digestion  was  carried  out  with  the  addition  of  1  gram  of  piire  sogax,  bo  that 
the  conditions  might  be  idratical  with  those  of  the  regular  analyses. 

Carhnn  nnd  hvdrofitM. — Tho  Aorhon  w«o  flofprminpd  bv  fhe  Liebijj-  method,. 
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experience  in  this  laboratory."    In  the  later  experiments,  tiie  determinsta(m> 
of  the  carbon  in  the  urine  were  made  b;  the  electrical  method  of  Morse.* 

The  accuracy  of  these  methods  of  analysis  was  frequently  tested  by  burning 
known  substances,  such  as  cane  sugar  or  urea. 

Ether  extract — The  ether  eztrect  (crude  fat)  of  food  was  made  by  the  usual 
method,  by  extracting  2  grams  of  the  material  (preriously  dried  for  the 
determination  of  water)  in  a  paper  filter  pocket  and  weighing  the  crude  extract 
thos  removed.  Feces  receive  special  treatment  in  the  analysis  as  discussed 
beyond. 

Photphorus  and  phogphoric  acid. — Total  phosphorus  in  food,  feces,  and  urin« 
was  determined  by  fusion  with  eodium  peroxide  and  subsequent  conversion 
to  magnesium  pyrophosphate.  The  modification  suggested  by  Dubois,"  which 
includes  the  addition  of  a  small  amount  of  sodium  carbonate  to  the  fusion 
mixture,  was  found  to  be  very  satisfactory. 

Phosphoric  acid  in  urine  was  determined,  as  is  usual,  by  titration  with 
uranium  acetate,  potassium  ferrocyanide  being  used  as  an  indicator. 

Sulphur  and  sulphuric  add. — ^The  sulphur  was  determined  by  fusion  with 
sodium  peroride  and  sodium  carbonate  in  nickel  capsules,  precisely  as  in  the 
case  of  phoephoms.  The  sulphuric  acid  in  the  fused  mass  was  precipitated  as 
a  sulphate  by  barium  chloride  and  water.  The  combined  inorganic  and  ethereal 
sulphates  in  the  urine  were  determined  according  to  the  method  of  FoUn," 
which  consists  of  heating  qrine  with  hydrochloric  acid  and  potassium  chlorate 
and  precipitating  the  sulphate  as  barium  sulphate.  An  attempt  was  made  to 
obtain  data  n^arding  the  neutral  sulphur  (S0|)  in  urine  by  the  difference 
between  the  sum  of  the  inorganic  and  ethereal  sulphates  (SO,)  and  the  total 
sulphur  (SO,).  The  researches  subsequently  carried  out  by  Folin"  on  the 
difficulties  of  obtaining  the  precipitates  of  barium  sulphai«  may  tend  to  lessen 
the  value  of  the  results  obtained. 

Creatine  and  creatinine, — The  significance  of  the  excretion  of  creatine  and 
creatinine,  as  pointed  out  by  Folin,"  led  to  the  determination  of  these  com- 
pounds in  the  urine  of  the  fasting  subjects.  The  method  of  Folin  for  deter- 
mining creatine  and  creatinine  has  been  employed  in  this  laboratory.  This 
depends  upon  the  color  reacticm,  noted  by  JafE6,  produced  by  the  addition  of  a 
solution  of  creatinine  to  an  alkaline  solution  of  picric  acid.  The  depth  of 
color  is  compared  with  a  half  normal  solution  of  potasaium  bichromate.  From 
the  standard  color  of  the  normal  solution  the  amounts  of  creatinine  in  unknown 
solutions  can  readily  be  obtained. 
Chlorine  was  determined  in  urine  by  the  Volhardt  method. 


d  by  Google 


Method  op  Intz&tioatiok.  16 

xxanRATOXt  fboddcts. 

For  any  Btady  of  the  traneformatioiiB  of  matter  in  the  body,  complete 
knowledge  of  the  lespiratory  products  ie  of  tiie  greatest  importance.  In  the 
experiments  here  repoited,  determinations  were  made  not  only  of  ilie  carbon 
dioxide  and  of  the  water-vapor  eliminated  through  the  lungs  and  akdn,  but 
likewise  of  the  oxygen  absorbed.  The  apparatus  and  methods  have  been 
described  in  detail  in  a  previons  publication.' 

Water. — ^The  determination  of  water,  in  brief,  is  as  follows :  The  air-current 
which  leaves  the  respiration  chamber  and  which  contains  the  water-^por  is 
caused  to  pass  through  a  previously  weighed  vessel  containing  strong  sulphuric 
acid.  The  water  is  retained  by  the  acid  and  the  increase  in  weight  of  the 
vessel  indicates  the  amount  of  water  absorbed  during  each  ezpwimental  period, 
which  is  usually  of  bxHU  two  to  three  hours'  duration.  Since  there  may  be 
noticeable  flnctoations  in  the  amount  of  water  in  the  residnal  air  in  the 
chamber,  absolute  determinations  of  the  amoonte  of  moistare  in  this  air  are 
made  at  the  end  of  each  period,  the  differences  between  the  amounts  at  the 
b^jnning  and  end  of  each  period  giving  data  for  correcting  the  absolute  water 
elimination  for  that  period. 

Carbon  dioxide. — ^The  determina^ons  of  carbon  dioxide  are  made  by  con- 
ducting the  air-current  from  the  respiration  chamber  after  it  has  been  freed 
from  water,  through  vessels  filled  with  soda  lime.  The  carbon  dioxide  is 
completely  absorbed  and  provisioQ  is  made  for  collecting  and  weighing  the 
quantity  of  water  lost  from  the  reagent  as  the  dried  air  passes  through  it 
The  soda-lime  vessels,  as  well  as  the  last  sulphuric  acid-containing  vessel,  are 
weighed  at  the  beginning  and  end  of  each  period.  Fluctuations  in  the  quanti^ 
of  carbon  dioxide  residual  in  the  air  of  the  chamber  are  allowed  for  by  analyses 
immediately  after  ihe  end  of  each  period  and  thus  the  actual  carbon  dioxide 
production  can  be  computed  accurately. 

Oxygen. — The  determination  of  oxygen  ia  somewhat  more  complex.  This 
gas  is  inclosed  in  a  highly  compressed  form  in  steel  cylinders,  from  which  it  ia 
admitted  to  the  ventilating  aLr-current  The  loss  in  weight  of  the  cylinder  at 
the  end  of  each  period  indicates  the  amount  of  oxygen  admitted.  Corrections 
are  made  for  the  slight  amounts  of  nitrogen  present  in  the  gas.  In  addition 
to  Qie  amount  of  oxygen  so  admitted,  however,  there  may  be  very  marked 
fluctuations  in  the  oxygen  in  the  volume  of  air  residual  in  the  chamber,  and, 
consequentiy,  analyses  of  this  residual  air  are  also  necessary  to  ascertain  any 
alterations  in  the  o^gen  content.  Actual  determinations  of  oxygen  from  ab- 
sorption by  potassium  pyrogallate  are  made  at  the  end  of  each  day.  A  system 
of  computation  which  includes  the  determination  of  the  apparent  volume  of 
the  air  in  the  chamber  at  the  end  of  the  period,  the  amount  of  carbon  dioxide  in 
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tills  air,  the  unoimt  of  vater-vapor,  and  the  amonnt  of  nitrogen  enables  the 
amonnt  of  oxygen  at  the  end  of  each  ezperimeotal  period  to  be  computed 
with  great  accuracy,  and  thns  obviates  the  necessi^  of  maklDg  the  actoal 
analyses  with  potassium  pyrogallate  at  the  end  of  each  period.  In  general,  the 
agreement  between  the  compated  oxygen  content  and  that  found  by  analysis  is 
very  satisfactory.  The  lose  in  weight  of  the  cylinder,  therefore,  corrected  for 
storage  or  loss  cf  oxygen  from  the  air  in  the  chamber,  furnishes  data  for  the 
computation  of  the  oxygen  absorption  during  any  given  experimental  period. 
The  measurements  of  respiratory  gases  in  these  experiments  include  the 
cutaneous  respiration  as  well  as  that  of  the  lungs.  The  nitrogen  of  perspiration 
is  also  determined  in  many  instances. 

PETBICAL  HEASCBEUENTS. 

The  physical  measurements  incidental  to  experimenting  on  the  transfor- 
mations of  matter  and  energy  in  the  body  consist  generally  of  two  kinds,  first, 
the  measurement  of  the  potential  energy  of  the  food,  feces,  and  urine,  and 
secondly,  the  measurement  of  the  heat  elimination  from  the  body.  In  certain 
classes  of  experiments,  where  external  muscular  work  is  performed,  measure- 
ments of  the  heat  equivalent  of  external  muscular  work  are  made.  The  present 
series,  however,  consiBtB  entirely  of  rest  experiments. 

Potential  energy  of  food,  fecet,  and  urine. — As  a  result  of  many  experi- 
ments of  Buhner^  Stohmann,  Berthelot,  and  others,  it  is  possible  to  compute 
with  reasonable  exactness  the  energy  equivalent  of  food,  feces,  and  urine. 
Improvements  in  the  tedmique  of  the  use  of  the  bomb  calorimeter,  however, 
hare  been  adopted  in  tiiis  laboratory,  and  ctmsequently  the  potential  energy 
of  food,  feces,  and  urine  were,  in  every  instance,  actually  measured  by  means 
of  the  calorimetric  bomb,"  in  that  a  dried  portion  of  the  material  was  burned 
in  oxygen  under  a  pressure  of  30  atmospheres.  In  the  fasting  experiments 
the  determinations  were  confined  to  those  of  the  heats  of  combustion  of 
the  urines,  and  a  great  deal  of  experimental  work  has  been  done  upon  this 
subject.  The  most  elaborate  research  on  the  heat  of  combustion  of  urine 
is  that  published  by  Farkas  and  Korbuly."  Our  experience  has  been  that 
the  most  concordant  results  have  been  obtained  by  drying  in  vacuo  10  to  15 
cubic  centimeters  of  urine  with  60  mg.  of  salicylic  acid  and  burning  the 
dried  mass.  The  details  of  thia  investigation  are  not  completed.  They  will  be 
published  elsewhere.  Unquestionably,  the  heat  of  combustion  of  urine  is  low 
rather  than  high,  since  it  is  almost  impossible  to  avoid  the  loss  of  ammonia  or 
the  conversion  of  urea  into  ammonium  carbonate,  both  of  which  result  in  a 
loss  of  energy.    The  method  outlined  above  gives  results  which,  in  our  judg- 
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ment,  are  at  present  the  best  that  can  be  obtained,  although  it  is  well  recog- 
nized by  physiologiBts  that  the  determination  of  the  heat  of  combustion  of 
urine  ie  one  of  the  most  perplexing  problems  with  which  we  have  to  deal. 

In  preparing  samples  of  food  and  feces  for  combustion,  it  ia  necessary  first 
to  partially  dry  the  Bubstance,  as  otherwise  the  combostion  would  be  very  tm- 
satisfactory.  In  this  partial  drying,  loss  of  organic  matter,  and  consequent 
loee  of  potential  energy,  should  be  avoided.  Onr  experim^ts  with  vacniua 
draiccatoTB  have  again  shown  the  wisdom  of  drying  physiological  preparations 
and  food  materials  at  room  temperature  in  a  vacuum  rather  than  at  a  tempera- 
ture much  above  that  of  the  body,  i.  e.,  the  water-bath  or  steam-oven. 

Heat  elimination  from  the  body. — The  chamber  of  the  reepLration  apparatna 
IB  provided  with  appliances  for  measuring  heat.  These  appliances  have  been 
described  in  detail  in  a  previous  publication."  The  respiration  chamber,  which 
consists  essentially  of  an  aiivtigbt  copper  box,  is  surrounded  with  alternate 
layers  of  air,  zinc,  and  wood,  so  as  to  minimize  the  radiation.  The  heat  pro- 
duced by  the  subject  is  brought  away  by  a  current  of  cold  water  flowing  through 
a  copper  pipe,  to  which  a  large  number  of  disks  are  soldered  to  increase  the 
absorbing  surface.  Arrangement  are  made,  by  heating  and  cooling  the  air 
surrounding  the  chamber,  to  render  the  walls  of  the  chamber  adiabatic.  By 
noting  the  rise  of  the  temperature  of  the  water  in  passing  through  the  cham- 
ber, and  the  mass  of  the  water,  the  amount  of  heat  brought  away  by  the  water- 
current  can  readily  be  computed.  The  heat  required  to  vaporize  the  water 
given  off  in  the  air-current  is  obtained  by  multiplying  the  number  of  grams 
of  water  vaporized  by  the  factor  0.592. 

Complete  tests  of  the  respiration  cdtorimeter. — Bumit^  known  weights  of 
ethyl  alcohol  in  the  chamber  furnishes  a  means  of  checking  the  accuracy  of 
the  respiration  calorimeter  for  measuring  water  and  carbon  dioxide  output  and 
oxygen  intake,  as  well  as  heat  elimination.  A  large  number  of  such  check  tests 
have  given  very  satisfactory  results.  In  general  the  quantities  actually  deter- 
mined differ  from  the  calculated  amounts  by  lees  than  1  per  cent. 

BSCOBDIKQ  BE8DXTS  AND  THE  VBS  OP  DECrUALS. 
In  the  numerous  computations  involved  in  experiments  of  this  nature  it  ia 
frequently  difficult  to  determine  early  in  the  calculation  just  what  degree  of 
refinement  in  the  mathematical  calculations  is  warranted  by  the  accuracy  of 
the  experimental  process  from  which  the  data  are  derived.  Such  decision  has 
been  withheld  in  every  instance  till  as  late  as  seemed  necessary,  in  some  in- 
stances nndoubtedly  too  late,  and  hence  the  results  are  at  times  expressed  vrith 
one  or  two  decimal  places  that  are  not  of  teal  significance.  It  is  to  be  noted, 
hovrever,  that  in  the  final  summary  and  balance  tables  supernumerary  figures 
are  in  general  omitted. 

'Carnegie  IiuUtnUon  ot  Washlnston  Pnbllcatloii  No.  42  (1906). 
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18  ISTLUESOS  OF  IKANITION  ON  UeTABOUBH. 

THB  XXFISIIIXHTAL  MAN. 

In  compatmg  the  changes  in  bod7-Teight,  the  moistaie  given  off  from  the 
man,  the  changes  in  body  temperature,  and  coneeqnentl;  flnctoationB  in  total 
heat  produced,  and  variouB  other  factors  of  a  aimilar  natoie,  theoreticall;, 
the  man  should  be  without  clothing  in  the  chamber;  but  this  is  neither  piac* 
tical  nor  comfortable,  and  hence  the  body-weights  were,  in  most  instuices, 
taken  with  the  man  plus  union  suit  and  atockinga.  This  was  considered 
onr  experimental  man.  If  the  bod;  temperature  fell  1°,  it  was  assumed 
that  the  union  suit  and  the  stockingB  likewise  fell  1'.  The  error  seemed 
almost  impossible  to  avoid,  espedall;  with  the  other  discomforts  attending  on 
a  fasting  experiment.  However,  the  exact  statement  of  the  conditions  in  which 
the  weights  and  measurements  were  taken  is  here  recorded.  It  should  be  said 
that  the  average  weight  of  nnion  suit  plus  stockings  has  been  fonnd  to  be  483 
gisms. 
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PART  2.    STATISTICS  OF  EXPERIMENTS. 


The  experiments  here  reported  consisted  of  stadies  in  metabolism  during 
inanition,  both  on  the  actual  dayn  of  the  fast  and  also  on  days  following  fast, 
irh^  food  was  ingested.  Purtheimore,  in  order  to  throw  light  on  the  regain- 
ing  of  nitrogen  lost  from  the  body  daring  fasting,  two  nitrogen  metabolism 
experiments,  lasting  25  and  14  days,  respectirely,  were  made.  The  fasting  ex- 
periments lasted  from  2  to  ?  days.  The  experiments  with  food  following  fast 
were  of  from  1  to  3  days'  dnration.  The  subjects  were,  with  the  exception 
of  9.  A.  B.,  all  students  in  Wesleyan  tTnifersity,  nine  yonng  men,  in  good 
health.  S.  A.  B.,  with  whom  the  longer  experiments  were  made,  was  a  yonng 
"maeseor,"  who  bad  made  several  fasts  prior  to  his  arrival  in  Middletown 
with  a  view  of  stndying  hia  daily  losses  in  weight. 

A  list  of  the  experiments  made  in  connection  with  this  research  is  given  in 
table  1. 


Date. 

Bubjsot. 

Dun- 

Cbuaoter 
exverimmt. 

B.  r.  D. 

A.  L.  L. 
A.  L.  L. 

A.  L.L. 
a.  A.  B. 

B.  A.  B. 
8.  A.  B. 
S.  A.  B. 
8.  A.  B. 
8.  A.  B. 

B.  A.  B. 
8.  A.   B. 

B.  A.  B. 

H.  B.  B. 

C.  B.  T. 
A.H.U. 
H.  C.  K. 
H.  B.  D. 
N.  M.  P. 

D.  W. 

1 

80 

4 

14 

8 
8 
9 
2 
9 
8 
2 

Fftiting. 

Do. 

Do. 
With  food. 
FattlDK. 
With  food. 
FMUug. 
With  food. 

FMtlDK. 

Wltb  food. 

FrM  salec- 
Uonoffood. 
Futiag. 

Ftm  Hlec- 
Oonoffood. 

FMUDg. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Jan.  aa,  B9,  BO,  81,  Feb.  1,  1W6... 

Hftr.  4,  5,  S,  7,  8,  g,  10,  I90S 

Mm.  11,  12,18,  1905 

il*T.  14,  15,  10,  17,  IS,  10,  ao,  21, 
91,98,a4,28,2«,87,»8,»9,80,81, 
Apr.  1,2,8,4,5,0,7,1905 

Apr.  8,9,  10,11,1905 

Apr.  18,18,14,  16,  1«,  17,  18,  19, 
20,  21,  28,  88,  24,  a«,  1B«. 

Hltroeen  metebollNii 

76 
80 
81 
S9 
88 
85 
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Metabolism  Experiment  No.  59. 

This  experimeDt  began  December  18,  1903,  and  continiied  withont  inter- 
ruptdon  for  three  dajB. 

The  Bobject,  B.  F.  D.,  was  a  student  la  Wede^an  TJniTersity,  of  athletic 
temperament,  and  active  in  his  movementa.  Since  it  is  coBtomary  for  each 
Btadent  at  the  nniveraity  to  have  his  body  measurements  takoi,  very  complete 
records  of  the  physical  characteristics  of  the  subject  were  available.  The  an- 
thropometric records  are  given  herewith. 

MeamremenU  of  B.  T.  D.—Date,  Oct,  tO,  J90S.    A.g9,  It  yaort. 
Weight    kUognuns. . 


. -oentimeten. .  170.3 


Navel  .. 
Pubis  .. 
SltUng   . 


. .io. . 


Shoulders,  elbow do....  34.3 

Elbow  to  Up do 44.2 

Arm  reach    do. . . .  107.1 

Right  foot    do....  26 

Left  toot  do 2E.8 

Olrth  of— 

Read    do GE.2 

Neck     do 87.3 

Chest— 

Depreesed   do 8E.4 

Inflated    do....  94.B 

Normal    do 91 

At  9tli  rib,  tuU do....  85 

At  9tli  rib,  depressed.. do....  77.8 

Waist  do....  77.B 

Hlpa    do....  96 

Right  biceps    do....  32.2 

Left  biceps  do 31.9 

Right  arm   do....  28.9 

No  especial  preliminary  preparation  was  made  by  the  subject  for  tiiis 
experiment,  tiiongh  tn  some  of  the  later  experiments  the  question  of  defecation 
daring  an  experimental  period  was  eliminated  by  the  use  of  enemata  for  the 
removal  of  fecal  matter.  Moreover,  although  fasting  experiments  of  one  or  two 
days'  duration  bad  previously  been  made  in  this  laboratory,  no  K^lar  routine 
for  this  type  of  experiment  had  been  decided  upon. 

The  preparation  of  a  regular  program  to  be  followed  each  day  was  therefore 
deemed  inadvisable.  It  was  definitely  provided,  however,  that  the  subject  was 
so  to  regulate  his  mnscular  movements  as  to  have  the  same  amount  of  activity. 


Left  arm  

..cenUmetera.. 

Right  elbow  . . . 

do.... 

Lett  elbow   .... 

do.... 

Right  forearm  . 

do.... 

Lett  lorearm  . . 

do.... 

Right  wrist   . . . 

de.... 

Left  wrtst    .... 

do 

Right  tUgh   ... 

do.... 

Right  laiee    . . . 

do.... 

Lett  knee   

do.... 

Right  calf    

do.... 

Right  Instep   . . 

do.... 

Lett  Instep     . . . 

do. . . . 

Breadth  of— 

Head     

do 

Neck     

do.... 

Chest    

do.... 

do 

Hips   

do.... 

Depth  of— 

Chest   

do.... 

Abdomen    

do 

28.2 
14.1 
1S.5 
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Metabolisu  £xfebimsnt  No.  59.  SI 

as  nearly  as  possible,  on  all  days  of  the  experiment,  and  that  the  times  for 
urinating,  rising,  weighing,  and  retiring  should  be  regular.  Since  previons 
experience  had  shown  that  greater  accuracy  was  obtained  in  the  analyses  of 
the  respiratory  gases  if  during  the  waking  hours  the  subject  took  special  precau- 
tions to  reioain  as  qniet  as  possible  for  the  half  hour  preceding  the  end  of  each 
experimental  period,  he  was  cautioned  to  spend  this  last  half  hour  of  each 
period  in  sitting  quietly  in  the  chair,  reading  or  writing. 

The  subject  entered  the  calorimeter  chamber  during  the  early  evening  of 
December  17.  The  bedding,  urine  bottles,  feces  can,  and  such  books  as  the  sub- 
ject wished,  together  with  all  the  articles  too  large  to  pass  through  the  food 
aperture,  had  been  placed  in  the  chamber  before  the  large  plate-glass  window 
which  closes  it  was  sealed  in  place. 

In  addition  to  a  union  suit  of  underwear,  stockings,  a  light  sweater,  and 
trousers,  the  subject  wore  a  pair  of  heavy-soled  shoes  primarily  designed  to 
prevent  the  conduction  of  heat  from  the  soles  of  the  feet  to  the  metal  fioor  of 
the  chamber.  Subsequent  experience  showed  that  ttiese  special  shoes  are  un- 
necessary. 

After  entering  the  respiration  chamber,  the  subject  adjusted  the  rectal  ther- 
mometer and  prepared  for  hia  three  days'  stay  in  the  calorimeter  by  placing 
his  bedding,  books,  and  other  articles  in  conv^ent  positions  on  the  shelves. 
Shortly  before  11  p.  m.  he  retired  for  ihe  night,  and  at  1  a.  m.  the  first  pre- 
liminary period  b^an.  By  this  time  the  calorimeter  chamber  had  readied 
temperature  equilibrium  and  the  prdiminary  air  analyses  had  been  made. 
The  abeorbing  vessels  used  to  purify  the  air  were  changed  at  the  end  of  each 
experimental  period,  i.  e.,  every  3  hours.  The  regular  air  analyses  were  made 
at  7  a.  m.  daily. 

Routine. — ^The  general  routine  followed  during  this  experiment  was  as  fol- 
lows :  At  7  a.  m.  the  subject  rose,  dressed,  and  weighed  himself  on  a  platform 
scale  inside  the  chamber,  and  then  spent  the  rest  of  the  day  sitting  or  lying 
down.  A  considerable  portion  of  each  day  was  occupied  with  reading.  Urine 
was  collected  every  3  hours  until  10  p.  m.,  after  which  it  was  not  collected 
again  until  7  a.  m.  the  next  day.  The  muscular  movements  were  restricted 
to  moving  about  the  chamber,  caring  for  the  excreta,  opening  and  closing  the 
food  aperture,  telephoning,  and  dressing  and  undressing. 

Notes  from  diary. — No  plans  for  definitely  testing  the  eSect  of  the  stay  in 
the  respiration  chamber  on  the  mental  or  physical  condition  of  the  subjects 
had  been  made,  since  no  detrimental  results  were  anticipated.  Yet  it  seemed 
desirable  to  obtain  some  notes  concerning  the  psychical  and  physical  condition 
of  the  men  as  recorded  by  themselves.  For  this  reason  each  subject  was  in- 
structed to  keep  a  diary,  in  which  he  was  at  liberty  to  record  anything  be  chose 
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The  following  are  eztracis  from  the  diuy  of  B.  F.  J),  daring  thu  ezperimeDt. 
They  iaclade  ereiTthing  relevant  to  his  physical  and  mental  ccmdition. 


}Tottt  fnm  dian/. 


Dm.  17,  1903: 
Bntsred  calorimeter  at  lO'SB"  p.  m. 

Dec.  18,  1908: 
7  a.m.  Arose.    During  Uie  nlgbt  I  did 

not   sleep    varj    well,   Uioo^    thla 

moralns  I  feel  rested  and  quite  re> 

freshed.    M7  strange  aummndlngs 

were  the  canse  of  my  not  sleeping 

welL    Do   not    feel    oncomfortable 

and  am  not  hungry. 
10  a.  m.  Feeling  a  little  drowar  and  have 

a  alight  pain  In  mr  head. 
11*66-  a.  m.  Am    feeling   aU    rl^t   and 

think  mr  head  Is  a  lltUe  better. 
l*BO*p.m.  Feeling  better;    my  head  fa 

dearer.    I  could  eat,  but  do  not  (eel 

any  distress. 
»e-  p.  m.  Hy  head  la  aching  a  little. 
WO"p.m.  Am  at  present  feeling  yery 

well;  do  not  feel  hungry  and  head 

feels  better. 
PSO"  p.  m.  At  present  I  am  not  at  all 

hungry   and    feel   better  than   any 

time  daring  the  day. 
C^O"  p.  m.  Attempted  to  defecate. 
T*1B-  p.  m.  Am  now  feeling  well  and  am 

not  at  all  hungry. 
9  p.  m.  Beginning  to  (eel  a  little  Sleepy. 

Dec.  19,  1903: 
7  a.m.  Arose. 
7^6"  a.  m.  Slept   Tery   well   last   night 

and  did  not  wake  nntu  6^36-  a.  m. 

Do  not  feel  hungry,  and  in  general 

feel  well,  except  that  my  head  does 

not  seem  as  clear  as  usual. 
8*10-  a.  m.  My  head  feels  much  better 

and  clearer;  feel  so  well  that  I  hare 

tried  to  aing.    Not  at  all  hungry. 
9*50"  a.  m.  Have   been    sitting   since    7 

and  my  head  la  tired;   hare  been 

reading  and  studying. 
10*40-  a.  m.  Head  now  feels  much  bettw. 
11'46-a.  m.  Feel  Tery  well. 
l*S"p.  m.  My  hands  feel  a  little  cold, 

though  I  am  very  comfortable  and 

my  bead  feeta  clear, 
1*5-  p.  m.  Am  feeling  well,  except  a  little 

drowsy. 
1*10-  p.  m.  Have  been  thinking  of  aome 

nice  thlnga  to  eat  and  And  that  my 

appetite  responds  with  double  force. 
3  p.  m.  Do  not  (eel  like  doing  anything; 

my  ambition  aeema  to  be  leaving 

me.  Otherwtae  I  feel  Tery  well.  My 

head  la  all  right  at  present 


4'10-p.  m.  Feeling  very  well  and  quite 
rested. 

6*SG-  p.  m.  Feeling  well,  but  am  tired  of 
studying  and  am  lonely. 

8*S7-p.  m.  Hare  been   writing  to  pass 
away  time  and  feel  the  better  (or 
doing  It.    Feel  rery  well. 
Dec  20, 190S: 

7  a.m.  Arose. 

7*20"  a.  m.  Slept  pretty  well  daring  the 
nlgbt,  but  woke  at  S  and  stayed 
awake  until  7;  did  not  sleep  as 
■onndly  nor  as  well  aa  the  nl^t  be- 
fore. (I  want  to  say  for  yesterday 
that  wbenerer  I  would  study  hard 
my  head  would  begin  to  ache  a 
little.  Then  when  I  would  rest  or 
do  a  little  reading  or  writing  for 
amusement  my  head  would  soon 
clear  up  and  again  feel  fresh.  Thla 
was  especially  noticeable  when  I 
studied  geometry.  Testerday  morn- 
ing, also,  there  was  a  slight  taste  In 
my  mouth,  not  noticeable  this 
morning.) 

7*80- a.  m.  Am  feeling  well  and  strong, 
bat  rather  doU. 

8*6"  a  m.  Attempted  to  defecate. 

9  a.  m.  Am  feeling  well;  no  pain  In  head. 

10*8-  a.  m.  Have  been  lying  quiet  for  an 
hour;  am  feeling  very  well,  about 
the  aame  as  thou^  I  were  lying  In 
bed  In  my  room. 

10*47'°  a.  m.  When  I  read  of  (ood  my  ap- 
petite li  Btlmulated. 

11*3Z~  a  m.  Iring  down  and  reading; 
(eellng  very  well.    Am  hnngrr. 

IS'IS"  p.  m.  Banger  la  not  painful 

4*35"  p.  m.  Feeling  very  welL 

8*40- p.m.  Feeling  very  well;  bare  bad 
no  pain  In  my  head  to-day.  Have 
felt  better  to-day  than  during  the 
paat  two  daya. 

10*34-  p.  m.  Am  feeling  well,  but  all^t- 
ly  tired. 
Dec  21,  1903: 

7*6>a.m.  Slept  until  2*30-  this  morn- 
ing, when  I  awoke  and  remained 
awake  until  some  time  after  6;  then 
slept  until  7.  When  I  awoke  at  5 
yesterday  morning  and  at  2*30-  thla 
morning  I  was  very  warm,  too  warm 
to  aleep.  Am  feeling  good;  my  head 
la  clear  and  I  am  not  hungry.  My 
mouth  la  a  little  dry. 


Digitized  by  Google 


Mbtabolish  Exfbbihekt  No. 


SOaCB  TAKZR  J 

When  I  cun«  out  of  the  calorimeter, 
at  first  I  felt  ntber  weak,  bnt  tblnk  this 
ma  caused  mora  br  being  InactiTe  for  3 
dsTB  than  from  veaknen.  Walked  to 
taj  room,  Tasked,  and  tken  walked  a 
short  distance.    Felt  ratber  hungry. 

Ate  1  slice  of  toast  and  drank  1  glasa 
of  milk;  It  tasted  Terr  good.  This  made 
me  feel  better  and  stronger  and  I  walked 
back  to  mr  room  and  shared.  Hj  hands 
wera  not  unsteady- 
Attended  redtaUons  at  S'lO*  a.m.and 
»  a.  m.,  bnt  felt  rather  sle^^.  At  10 
o'clock  ate  S  slices  of  bread  and  drank  a 
mall  glass  of  milk;  afterwards  felt 
•tronger.  Attended  recitations  till  1 
p.  m.    Felt  rather  sleepy. 


At  1  o'clock  went  to  dlnnw  and  ate  > 
slioea  of  toast  and  drank  2  glassea  of 
milk.  After  dinner,  took  a  slow  walk 
In  the  open  air  tor  over  i  bonrs.  HiIb, 
thon^  it  made  my  legs  a  Uttle  tired, 
seemed  to  refresh  me  and  made  me  feel 
jnnch  better.  Studied  from  4*S0-  nntU 
6,  when  I  went  for  supper.  Was  hnngry 
and  ate  all  that  I  wanted,  Including 
milk,  toast,  stowed  meat,  and  S  dishes  ot 
apple«ance.  After  snpper  felt  strong 
and  well  enoogh  to  study  until  10^6~, 
when  I  stopped  and  took  a  hot  bath  and 
went  to  bed.  Sleiit  very  soundly  snd 
very  well  for  8  hours;  after  that  felt  no 
effects  of  mr  Ust  and  was  strong  and 
weU. 


Bod^  movemetiit. — Althou^  the  subject  endeavored  to  secure  nnifonnily  of 
bod;  moTementa  from  day  to  day,  a  partial  check  upon  hia  records  of  bis 
mnscnlar  activity  was  attempted  by  securing  a  more  or  less  complete  record  of 
grosser  body  moTementa  as  observed  by  the  physical  assistant  sitting  at  tlie 
window  in  the  front  of  the  calorimeter.  These  movements  were  recorded,  often 
very  informally,  on  the  sheets  which  are  used  for  recording  the  theimometric 
observations  from  which  the  total  heat  is  competed.  These  observations  of 
grosser  movementa  were  supplemented  by  the  record  kept  by  the  chemical 
assistant  of  the  number  of  times  the  food  aperture  was  opened  and  closed.  A 
list  of  all  recorded  body  movements  follows.  In  it  the  imperative  mood  has 
been  need  for  the  soke  of  brevity. 


A.M. 

8*48- 

Ue. 

1*00- 

move  about 

7*04- 

rise,  urinate,  tele- 

9 62 

Bit,  telephone. 

1  02 

urinate. 

phone. 

»  64 

lie. 

1  06 

food  aperture. 

7  U 

weigh. 

10  04 

rise,  telephone. 

1  28 

read. 

7  82 

write. 

10  oe 

move    about,    uri- 

1 46 

food  aperture. 

7  18 

take  pulse. 

nate,  sit 

1  48 

write. 

7  U 

read. 

10  16 

food  aperture. 

2   02 

telephone. 

7  » 

telephone. 

11  06 

food  aperture. 

2   22 

change  position. 

7  M 

read. 

11  18 

Ue. 

2   28 

read. 

7  48 

telephone. 

11  48 

resUess. 

2   32 

stop  reading. 

7  64 

11  GO 

sit 

8  04 

lie,  read. 

8  DO 

food  apertnre.' 

11   64 

telephone. 

3  23 

stop  reading. 

8  IS 

rise. 

11  66 

stand. 

3  38 

sit,  take  pulse. 

8  14 

dress. 

11  68 

3  32 

8  18 

read. 

8  34 

restless. 

»  14 

telephone. 

12»10«  food  aperture. 

3  38 

read. 

»  18 

lie,  read. 

read. 

8  60 

telephone. 

tAkce  In  BB^tlilxis 


fnU*ct  foe* 


1M  received,  and  eloaei  the  food  ■paitaie. 
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MovemeHtt  of  tubfect. — Contlnacd. 


lMc«ii6*r  18  (cont) 

i. 

u. 

P.H. 

4»05- 

food  aperture. 

8'S4- 
8   SO 

Write, 
drink. 

7^24" 

7  36 

1  more  about. 

4  2« 

telephaoe. 

28 

write. 

7  44 

read. 

4    36 

food  aperture. 

81 

lie. 

8  14 

write. 

4  44 

read. 

40 

alt 

9  02 

food  aperture. 

6  44 

ondreas. 

44 

write. 

9  08 

telephone,  ait 

S  G2 

attempt    to    defe- 

48 

drink. 

9  12 

food  aperture. 

cate. 

08 

write. 

9   14 

drink. 

6  64 

rtoe,    moTe    Tlgor- 

14 

atop  writing. 

9  16 

read. 

OBBly. 

22 

read. 

9   34 

lie. 

G  68 

drew. 

40 

telephone. 

10  00 

riae,  urinate. 

6  08 

Ite.  read. 

44 

read. 

10  OS 

walk. 

6  28 

irrlU. 

04 

urinate,  food  aper- 

10 06 

Bit.  read. 

e  4S 

Ue. 

ture. 

10  20 

food  aperture. 

7  OS 

rise,  Il^IIlat^  tele- 

06 

lie,  read. 

10  42 

telephone. 

phone. 

22 

stop  reading. 

10   64 

move,  Btand. 

7  04 

inoTe  about 

34 

rise,  weigh. 

10  66 

undreflB,  etc. 

7  06 

food  aperture. 

36 

write. 

11   00 

retire. 

7  08 

ait 

44 

read. 

December  tO. 

7  12 

recline. 

68 

telephone. 

7  20 

read. 

04 

stop  reading. 

7*00- 

rise,  telephone. 

7  64 

telephone. 

12 

read. 

7  66 

flit. 

16 

recUne,  read. 

7  04 

8  00 

more  about 

80 

alt 

7  10 

weigh, 
telephone. 

8  oe 

alt 

26 

recline,  read. 

7  12 

8   24 
6  44 

He. 

recline,  read. 

P   H. 

12»02- 

food  aperture. 

7  16 
7  16 

food  aperture. 

8   68 

take  pulae. 

OS 

recUne,  read. 

7  18 
7  24 
7  34 
7  46 

alt 
write, 
drtok. 
take  pulae. 

»  04 
9  08 
0  13 
0  62 

read, 
alt 
read. 
recline. 

36 
00 
01 
08 

He. 
rise. 
Drinate. 
He. 

10  00 

rlee. 

08 

alt 

7  48 

stand. 

JO  02 

urinate. 

20 

read. 

7   60 

food  aperture. 

10  04 

Bit  drink,  read. 

36 

He. 

7  58 

move  about. 

10  06 

telephone,  food  a^ 

40 

read. 

8   04 

move  Ylgorouflly. 

erture. 

SS 

alt 

8   OS 

sit 

10   08 

Bit,  read. 

06 

read. 

8  10 

write. 

10    48 

rlae,  open  bed. 

26 

Btop  reading,  take 

8   IS 

read. 

ID  66 

telephone. 

pnlee. 

8   26 

recline,  take  pulae. 

11  00 

retire. 

04 

urinate,  food  aper- 

8  34 

read. 

December  19. 

ture. 

9  00 

Bit  Write. 

A.ir. 

06 

alt. 

9  06 

recline. 

7»00- 

rlee. 

08 

food  aperture. 

10  04 

Bit  food  aperture. 

7  01 

urinate. 

12 

read. 

10  06 

Bit 

7  02 

18 

stand. 

10  08 

Write. 

7   10 

weigh. 

22 

alt 

10  13 

recline,  read. 

7   14 
7  20 

7  22 

flit  write. 

mlk    about,    food 

aperture, 
fold  bed. 

26 
82 
44 
62 

read, 
recline, 
take  pulse, 
telephone,  food  ap- 

10 32 
10  36 

stop  reading,   reat 
on  elbow,  write, 
read. 

T  28 
7  84 

write, 
read. 

04 

erture. 
Bit 

12» 10- 

move  abont 

7  88 

write. 

12 

read. 

12  18 

telephone. 

7   48 

telephone. 

14 

recline. 

12  82 

sit  at  table. 

7   62 

read,  write. 

06 

sit 

12  26 

food  aperture. 

8  02 

take  pulae. 

30 

stand. 

12   30 

He. 

8  10 

Bit 

02 

telephone,   urinate. 

1  04 

rlae.  urinate,  alt 

8   IS 

telephone,  food  ap- 

04 

food  aperture. 

1  06 

write. 

erture. 

12 

stand. 

1   14 

move  about. 
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Mov^menti  of  luifect. — Continued. 


December  $0  (coot) 

r.u. 

P.M. 

T.U. 

4'86- 

Stand,    food    aper> 

7»44- 

Bit 

1»32-  wrtU. 

tore. 

S  04 

food  apertare. 

4  40 

Bit.  read. 

8  08 

drink. 

1  44    take  pnlw. 

E  04 

read. 

8  10 

rise.  Bit. 

1  4S     recline,  read. 

6   08 

recline. 

9  08 

rise. 

2  18    Bit. 

7    00 

rlBe,  telephone. 

9  24 

lie.  read. 

2  24     recline,  read. 

7  01 

urinate. 

10  03 

Bit.  rise,  urinate. 

2   58     take  pulse. 

7  02 

walk.  alt. 

10  14 

telephone. 

3  24    alt.  Uka  putae. 

7  10 

food  apertnre. 

10  30 

food  aperinre. 

3  28     lie.  read. 

7  12 

Bit 

10  50 

rise. 

4  04     Bit,  read,  writ* 

7  18 

rise,  Bft 

10  54 

nndress. 

4  06    food  apertare. 

7  40 

rise. 

11  00 

reUre. 

Pulae. — ^B.  F,  D.  took  hla  pnlse  throughout  the  eiperiment  at  iaterrala  of 
from  30  to  45  minntee  from  7  a.  m.  to  11  p.  m.  daily.  The  puUe  was  counted 
for  2  minutes  and  the  average  recorded  in  his  diary.  The  records  are  tabulated 
belov. 


SS  fDecewBer,  190S}. 

Bate. 

Rata. 

Time. 

Time. 

1 

Deo.  IB. 

I>ea.». 

Deo.M. 

Deo.  IB. 

Dw>.ll. 

Deo.  9). 

T^W  ».m. . . . 

61 

■OS 

3>>0»>p.m.... 

SO 

68 

60 

7  80 

tt4 

8  80           .... 

54 

00 

66 

7  00 

64 

4  10 

63 

61 

67 

B  06 

57 

4  40 

55 

56 

67 

8  86 

68 

5  30 

50 

04 

8  60 

61. 

04 

6  45 

00 

0  DO 

64 

6  00 

SS 

08 

0  36 

67 

6  36 

80 

S  40 

04 

6  40 

68 

10  06 

56 

ai 

7  06 

64 

56 

64 

10  46 

66 

08 

01 

7  45 

08 

04 

11  16 

53 

66 

8  00 

66 

11  S3 

65 

8  37 

67 

11  46 

56 

57 

8  40 

65 

iaM6-p.m 

63 

»  10 

46 

68 

60 

13  80 

69 

e  40 

47 

65 

1  06 

56 

M 

61 

10  06 

60 

SI 

1  60 

67 

83 

06 

10  84 

60 

3  SO 

66 

OS 

10  61 

6S 

I  At  T  a.m.  Dm.  n.  pulM-n. 
Drinkiag-waier, — No  attempt  was  made  in  Uie  experiments  here  reported  to 
insist  upon  complete  abstinence  by  the  subject,  and  consequently  drinking-vater 
was  allowed  whenever  desired.  A  bottle  filled  with  water  and  previously 
weighed  was  passed  to  the  subject  through  the  food  apertare.  The  temperature 
of  the  water  was  taken  immediately  before  it  entered  the  chamber.  The  amount 
of  water  consumed  was  determined  in  all  cases  by  deducting  from  the  weight 
of  the  bottle  plus  water  at  the  time  it  entered  the  calorimeter  the  weight  of  the 
bottle  plus  water  when  it  left  the  chamber.    This  method  takes  account  of  the 
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amall  qoantities  that  are  neceesanl;  Taporized  bom  the  month  and  neck  of 
the  bottle.  However,  for  the  purpose  of  heat  measurement  it  is  immaterial 
in  this  form  of  colorimeter  whether  a  gram  of  water  is  raporized  in  the  bod; 
of  the  Bobject  or  from  the  neck  of  the  bottle.  In  this  experiment  it  is  not 
sorely  known  at  what  definite  times  water  was  drank,  or  the  actual  amount 
consamed  at  any  given  time,  bnt  the  total  amount  for  each  24  hoars  is  known, 
and  from  the  above  data  the  periods  daring  which  the  water  was  consamed 
and  the  amount  of  water  have  been  estimated.  Since,  as  will  be  seen  later, 
in  computtog  the  total  heat  production  tor  any  given  period,  the  amount  of 
drinking-water  consumed  daring  that  period  is  a  not  unimportant  factor,  these 
estimates  of  this  amoont  were  necessary. 

Save  on  the  first  day,  no  water  was  consumed  after  the  subject  retired  and 
the  amonnto  consumed  were  not  far  from  the  same  each  day,  ranging  from  a 
maximwm  of  1360.2  grams  on  the  second  da;  to  1188.0  grams  on  the  last  day. 
The  water  famished  was  that  from  the  city  supply  and  no  allowance  was  made 
for  BsltB  or  organic  matter.  The  analyses  of  the  water  as  famished  by  Uie 
State  Bacteriological  Laboratory  shorn  in  parts  per  million  66  of  total  solids, 
0.028  free  and  0J878  of  albuminoid  ammonia,  and  1.90  of  chlorine.  The 
amount  of  water  consumed  per  period  and  the  total  amount  per  day  ere  given 
in  table  2. 

Table  2.— Record  Of  water  eonitmea—Metatiotttm  eaperiment  So.  S9. 


Date. 

fJX. 

7tolO»ja. 

10a.ni.M> 
Ip-m. 

4toTp.m 

TtoUpjn. 

H  p.m.  to 

D...K. 

Doo.  i»-ao 

Dm.  30-31 

400.0 
400.0 

400.0 
88S.0 

890.7 

Oramt. 

isiis 

400.0 

Oram. 
14S.S 

1800.8 
11S8.0 

In  order  to  show  the  rate  of  elimination  of  nitrogenous  material  during 
each  24  hours  of  the  fast,  the  urine  waa  collected  in  3-hour  periods  from  7  a.  m. 
to  10  p.  m.  It  was  deemed  inadvisable  to  awaken  the  sabject  to  collect  the 
nrine  in  3-hour  periods  during  the  night,  as  previous  experience  had  diown 
that  the  subject  found  it  difScult  to  go  to  sleep  again.  The  weight  in  grama, 
the  specific  gravily,  the  reaction,  and  the  total  nitrogen  (obtained  by  the 
£jeldahl  process)  of  the  urine  were  determined  for  the  different  periods.  An 
aliquot  of  the  urine  from  each  period  was  taken  to  make  a  composite  sample 
for  the  day  and  a  furi;her  aliquot  of  each  day's  composite  sample  was  combined 
to  make  a  3-day  composite.  In  the  daily  composite  samples,  determinations 
of  nitrogen  and  heat  of  combustion  were  made,  while  in  the  3-day  composite 
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the  detenomatioDfl  consiBted  not  only  of  nitrogen  and  heat  of  combustion,  but 
&Ibo  of  -waier,  carbon,  hydrogen  of  organic  matter,  and  ash.  The  leenlts  of  all 
determinations  by  periods  ate  given  in  table  3. 


xo.  sa. 

OaM. 

Pwlod. 

(o) 
Amount 

(6) 

B«Mtk»L 

KttMSBD.       j 

^ 

c: 

Am-nt. 
WXrt 

Dec  IS-IO. 
Dm.  flO-Si. 

Tm.m.  to  10  a.m. 
10  a.m.        1p.m. 

1p.m.       4  p.m. 

4  p.m.       7  p.m. 

7  p.m.      l»p.m. 
10  p.m.       7B.in. 

1B9.S 
588.7 

ue.s 

901.7 
8M.7 

i.oaso 

1.0100 
1.0070 
1.0990 
I.OISO 
1.0940 

'iSi 

848 
595 
197 
SOI 
880 

BllgbU;  alkaline. . 
Bllgbtl;  alkaline.. 

Bllgbtlj  aeld 

Btronglraold..... 
Acid 

» 

.87 
.40 
.86 
.74 
1.40 

OrwM. 

l.BO 
1.00 
8.88 
.84 
1.01 
8.59 

....do 

1540. B 

1S17 

11.84 

Total  b7  oom- 
poalto 

T«.m.  to  10  a.m. 
10  a.m.       1p.m. 

1p.m.       4  p.m. 

4  p.m.       7  p.m. 

7  p.m.      10p.m. 
10p.m.       7  a.m. 

1540.8 

1.0180 

1517 

.77 

11.88 

StroDKlr  aold..... 

87.  S 
105.8 
114.8 
170.5 

M.9 
401.0 

1.0980 
1.0970 
1.0940 
I.OISS 
1.0800 
I.OIBO 

85 

108 
119 
1T9 
»4 
S9« 

1.7B 
1.71 
1.80 
1.98 
1.71 
1.99 

1.55 
1.88 
l.»4 
9.95 

1.86 
4.90 

....do 

SIlKhtlj  add 

....do 

9B1.8 

M9 

11.  n 

P«lt« 

7  a.m.  to  10  a.m. 
10  a.m.       I  p.m. 

1p.m.       4  p.m. 

4p.m.       7p.m. 

7p.m.      10p.m. 
10  p.m.       1a.m. 

BB1.8 

i.oaio 

»S8 

1.48 

14.04 

111.1 
14«.8 

iw.a 

114.0 
100.4 
9M.4 

1.0970 
1.0880 
1.0190 
1.0945 
1.09 BO 
1.0840 

108 
114 

187 
111 
9B 
980 

1.90 
1.64 
1.91 
1.84 
1.91 
1.84 

8.11 
9.90 
9.80 
1.87 
1.99 
4.8« 

....do 

....do 

»SB.» 

008 

11.89 

"^•Ite'.tT.. 
ToUl,  Bdaya.. 

esB.o 

1.0180 

008 

1.69 

14.77 

8401.0 

8887 

;~ 

40.77 

it^Sdaya... 

8451. S 

1.0800 

8>87 

1.18 

40.73 

The  accnracy  of  the  nitrogen  determinationB  and  tile  method  of  taking 
composite  eamplee  is  checked  by  the  agreement  between  the  BOm  of  the  amonnts 
of  nitrogen  in  the  samples  for  periods  and  in  tiie  composite  samples.  Tbos, 
on  the  first  day  the  total  amount  of  nitrogen  eliminated,  as  detemuoed  from 
the  total  composite  sample,  was  11.86  grams  and  the  total  amount  of  nitrogen 
as  detfflmined  from  the  6  periods  vas  11.84  grams.  The  nitrogen  in  the  total 
composite  for  the  3  days  was  40.73  grams,  while  the  nitrogen  eliminated  for 
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the  sam  of  the  18  periods  was  40.77  grams.  Similarly,  the  determinatioiiB 
of  the  heat  of  combnstioD  on  the  3-daj  composite  showed  314  calories,  while 
the  determination  of  the  daily  compoaitea  showed  that  the  urine  contained  308 
calories  of  energy.  In  addition  to  the  data  in  table  3,  the  total  3-day  composite 
yielded  95.4  pei  cent  of  water,  0.87  per  cent  of  carbon,  0.26  per  cent  of 
hydrt^en  in  organic  matter,  and  0.69  per  cent  of  ash.  The  heat  of  combustion 
of  the  urine  per  grm  was  0.059,  0.108,  and  0.119  calorie,  reflpectirely,  and  the 
total  energy  of  the  urine  for  the  3  days  was  91,  106,  and  111  calories, 
respectively. 

Weight  ond  composition  of  urine. — ^The  total  amounts  of  nitrogen,  carbon, 
hydrogen  in  organic  matter,  oxygen,  water,  solids,  ash,  and  organic  matter 
excreted  per  day  are  shown  in  table  4.  The  records  given  in  table  3  show  that 
only  the  determinations  of  nitrogen  and  heat  of  combustion  were  made  daUy, 
the  determinations  for  water,  ash,  carbon,  and  hydrogen  being  made  upon  the 
3-day  composite.  In  accordance  with  our  prerious  custom,  the  amounts  of 
carbon  and  hydrogen  were  apportioned  between  the  3  days  according  to  the 
amounts  of  nitrogen  excreted,  it  being  assumed  i^at  a  definite  amount  of 
nitrogen  will  carry  with  it  a  proportionate  amount  of  carbon  and  hydrogen  in 
organic  matter. 

Method  of  proportioning  ash  of  urine. — Since  in  this  experiment  the  analy- 
sis of  ash  was  made  only  on  the  3-day  composite  of  the  urine,  it  became  neces- 
sary, in  order  to  obtain  the  material  katabolized  f rran  the  body  for  eadi  indi- 
vidual day,  to  apportion  this  ash  among  the  different  days  of  the  experiment. 

The  results  of  subsequent  experim^its  in  which  tiie  total  solids,  ash,  and 
nitrogen  were  determined  daily  showed  that  in  fasting  experiments  the  ratio 
of  the  nitrogen  to  the  total  solids  is  fairly  constant,  and  that  on  the  average 
N  =  total  solids  X  0-29.  This  percentage  was  applied  to  the  nitrogen  found 
in  experiment  No.  59,  and  the  following  results  for  total  solids  were  obtained: 
For  the  first  day,  40.9  grams;  for  the  second  day,  48.4  grams;  and  for  the 
third  day,  50.9  grams — a  total  of  140.2  grams.  The  actual  total  solids  were 
determined  in  the  3-day  composite  sample  and  foimd  to  be  158.8  grams,  a 
result  18.6  grams  greater  than  the  amount  computed  for  the  3  days.  For  lack 
of  a  better  method  of  apportionment,  this  discrepancy  was  distributed  over  the 
3  days  in  proportion  to  the  several  amounts  of  solids.  The  estimated  amount 
of  total  solids  for  the  first  day  (40.9  grams)  was  therefore  increased  by  a 
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designated  "  material  other  than  urea."  The  area  may  roughly  be  computed  * 
by  dividing  the  number  of  grams  of  nitrogen  eliminated  by  46.6,  the  percentage 
of  nitrogen  in  urea.  For  the  3  days  of  this  experiment  it  waa  computed  to  be 
26.43,  30.16,  and  31.70  grama  for  the  respective  days.  Givoi,  then,  the  total 
Bolids  of  urine  and  the  number  of  grams  of  urea  (obtained  by  dividing  the 
nitrogen  by  46.6),  by  subtracting  from  tiie  total  solids  of  urine  the  number 
of  grama  of  urea,  the  "  material  other  than  urea  plus  ash  "  ia  obtained. 

ThuB  on  the  flrat  day  of  the  experiment  the  amount  of  total  solids  vaa 
computed  to  be  46.3  grams.  Deducting  from  this  the  amount  of  urea  for  the 
first  day,  i.  e.,  26.43  grams,  leaves  20.87  grams  as  the  weight  of  "  material 
oth^  tiian  urea  plus  ash."  The  corresponding  figures  for  the  second  and 
third  days  are  24.66  grams  and  26.00  grams.  Assuming,  then,  that  the 
"  material  other  than  urea  "  la  constant,  the  aah  is  obtained  as  follows :    Total 
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"  material  other  than  urea  plus  ash  "  for  3  days  is  to  the  "  material  other  than 
urea  plus  ash  "  for  any  given  day  as  the  total  ash  is  to  the  ash  for  any  given 
day.  Thus,  the  sum  of  the  "  material  other  than  urea  plus  ash "  for  the  S 
days  is  20.87  +  24.66  +  26.00  =  71.53  grams.  The  proportion,  then,  would 
be  71.62  :  20.87  :  :  23.81  (total  ash  determined  for  the  three  days  of  the 
experiment) :  6.94  grams,  the  amount  of  ash  for  the  first  day.  By  means  of 
this  proportion  the  values  for  ash  for  the  two  following  days  were  found  to  be 
8.20  and  8,67  grams,  reepectivelT. 

Method  of  obtaining  water  in  urine  in  experiment  No.  59. — The  amount  of 
water  of  tiie  urine  was  determined  on  the  3-day  composite  in  this  experiment. 
In  order  to  compute  the  amounts  excreted  each  day,  the  figures  for  the  total 
amount  of  urine  for  each  day  were  decreased  by  the  corrected  amount  of  total 
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BoUdfl  fonud  by  the  meihod  explained  above.  Thiu  1510.80  (the  amoimt  of 
nrine  for  the  6rst  day)  —  46.3  =  1494,50,  the  urater  for  the  flrat  day.  Corre- 
sponding amonnts  for  the  oiher  two  days  of  the  ezperiment  were  927.00  granu 
and  871.20  grams. 

tSLomATimi  or  WAisa-Vucs. 

The  amoontB  of  water-vapor  in  the  ventilatisg  air-cnirmt  are  of  value  to 
show  ike  lots  of  water  from  the  body  throngh  the  InngB  and  skin,  to  interpret 
the  hygrometric  conditicma,  and  to  aid  in  compntiag  the  heat  production. 

The  data  regarding  the  water  in  the  ventilatiiig  air-cnrrent  are  given  in 
detail  in  table  5.  Column  a  of  the  table  shows  the  relative  bamidity  of  the 
air  inside  the  chamber.  These  data  are  important,  since  it  is  conceivable  that 
there  may  be  noticeable  difference*  in  the  gaseous  exchange  and  beat  radiation 
as  the  resolt  of  differences  in  hygrometric  conditions.  The  method  of  obtaining 
the  figures  is  as  follows :  Knowing  the  total  volume  of  air  in  the  chamber  to  be 
approximately  4900  liters  and  the  temperature  about  20°  C.  and  that  1000 
liters  of  air  when  saturated  at  20°  contain  17.118  grams  of  water,  it  is  possible 
to  compute  the  amount  of  water-vapor  which  would  be  present  in  the  air  of 
the  chamber  if  it  were  completely  saturated  at  20°.  This  amount  would  be 
83.88  grams.  From  the  ratio  between  this  saturation  amount  and  the  actual 
amount  of  water  found,  the  relative  humidiiy  is  readily  obtained.  In  pre- 
senting the  results  of  subsequent  experimente  in  this  report  the  relatiye 
humidity  will  not  be  given,  but  the  weight  of  water-vapor  in  grams  at  the  end 
of  each  period,  as  shown  in  column  i  of  table  6,  will  be  included  in  the  tables. 
By  following  the  method  outlined  above,  the  relative  humidity  can  by  simple 
computation  be  readily  obtained.  In  column  c  is  recorded  tiie  gain  or  loss  of 
water-vapor  by  Qie  air  in  the  chamber  from  period  to  period. 

At  the  end  of  each  experimental  period,  the  determination  of  the  amount  of 
moisture  in  Uie  ur  is  made  by  wdghing  the  water  absorbed  from  a  known 
amount  of  air  in  its  passage  through  a  U'tube  conteining  pumice  stone  drenched 
with  sulphuric  acid.  The  total  amounto  of  water-vapor  remmning  in  the 
chamber  as  computed  from  this  determination  are  recorded  in  column  b.  The 
total  water  of  respiration  and  perspiration,  i.  e.,  the  amoiinta  retained  in  the 
sulphuric  acid  absorber  and  recorded  in  column  d  corrected  for  the  variations 
ia  the  amount  of  water-vapor  inside  the  chamber,  are  recorded  in  the  last 
column.  In  subsequent  experiments,  only  the  figures  recorded  in  column  h 
and  column  e  in  this  teble  will  be  presented.  In  certain  experiments  other 
corrections  are  necessary  for  the  amount  of  water  condensed  by  the  heat- 
absorbing  system  and  for  the  differences  in  weight  of  the  underclothing,  chair, 
bed,  bedding,  ete.  In  the  experiment  here  reported,  however,  no  perceptible 
moistore  was  observed  on  the  absorbers  in  the  chamber,  and  the  date  for 
finctuarions  in  the  weight  of  the  bed,  bedding,  and  clothing  were  not  obtained. 
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A  word  regarding  the  lelatiTe  bnmidi^  of  the  air  inside  the  chamber  shonld 
be  Baid  beie.  The  data  of  table  5  tihow  that,  on  the  vhole,  the  relative  homidit; 
falls  off  Bomevhat  aa  the  experiment  progresees,  averaging  not  far  from  4S 
per  cent  during  the  3  days.    During  work  experiments,  the  humidity  increases 


No.  59. 

'''Ssr^"" 

(« 

(« 

i^L 

Date. 

PoriWl 

at  and  of  period. 

^^r 

Amoant 

.Sip 

») 
Amount. 

-^^ 

penpln- 

(e+d) 

MB. 

PTsUmlnarr 

/krrt. 
M.B 

»s:s 

Oranu. 

Oram*. 

OroTM. 

Dm.  IB 

l«.in.  to    4  »,m.. 

48. B 

40.80 

-b!o8 

uo'.hi 

186!<i 

Dec.  18-19. . . 

i»,m.          Tft.m.. 
7  km.  to  10».in„ 

49.1 

41.11 

-l-O.SS 

188.96 

188.90 

51.7 

48.85 

+  9.14 

184.37 

136.41 

10a.ni.           tp.m.. 

49. D 

41.08 

-9. SO 

188.31 

180.01 

1p.m.           4p.iii.. 

47.> 

SO.  89 

-1,60 

191.14 

119.64 

4p.B.          Tp.m.. 

4B.3 

40. 8B 

+  0.88 

183.91 

138.74 

Tp.iii.        10p.m.. 

48.8 

88.87 

-8.01 

116.86 

114.84 

10  p.m.         li-m.. 

48.8 

80.18 

-9.18 

119.08 

116.87 

1a.m.         4  a.m.. 

44.0 

87.88 

+  1.86 

114.0S 

116.41 

Dm.  1»-30... 

4  a.m.         T  a.m. . 
ToUl 

46.0 

88.84 

+  0.09 

114.91 

116.00 

-2.87 

9B4.89 

983.38 

7a,m.  to  10  a.m.. 

48.8 

40.89 

+  1.8S 

193.68 

134.47 

10  a.m.          1  p.m. . 

44.8 

87.01 

-8.88 

196.86 

181.97 

1p.m.         4  p.m.. 

44.0 

80.84 

-O.IT 

116.16 

114.98 

4p.m.         7  p.m.. 

40.6 

88.87 

-8.97 

198.88 

130.91 

7  p.m.        10  p.m.. 

44. S 

87.87 

+  8.40 

118.98 

191.68 

10  p.m.         1a.m.. 

48.8 

88. 88 

-1.08 

117.10 

116.16 

1a.m.         4  a.m.. 

48. « 

86.00 

+  0.84 

111.19 

111.68 

Dm.  M-91... 

4  a.m.          7  a.m.. 
Total 

4».S 

41.19 

+8.68 

118.78 

121.96 

+  8.66 

949.80 

961.96 

7a.m.  to  10a.m.. 

48^8 

88.71 

-8.48 

186.08 

119.60 

lOa.111.          1p.m.. 

48. B 

86.70 

+0.99 

116.68 

180.69 

1p.m.           4  p.m.. 

48. B 

8B.81 

-0.89 

180.98 

119.84 

4  p.m.           7  p.m.. 

48.7 

Se.B7 

+  0.70 

118.86 

114.11 

7  p.m.         10  p.m.. 

48.1 

86.04 

-0.68 

119.96 

119.48 

10  p.m.          1a.m.. 

40.7 

84.06 

-1.99 

118.84 

111.38 

1a.m.         4  a.m.. 

40 .8 

88. B4 

+  4.89 

117.09 

191.98 

4B.m.          7  a.m.. 
Total 

44.7 

37.48 

-1.49 

118.81 

116.88 

-8.74 

946.89 

943.16 

considarabl;.  It  is  important  to  note  that  during  this  experiment  the  air  waa 
relatiyelj  dry.  In  the  fasting  experiments  there  was  no  aensible  perspiration 
observed  by  any  of  the  snbjecta. 

BLnaiTiTioir  of  Cabms  Dioxn>B. 

Carbon  dioxide  is  one  of  the  most  important  products  of  oxidation  in  the 

body.    Hence  determinatioiis  of  this  factor  vere  made  in  all  the  experiments 
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here  reported.  Tbe  details  of  tlie  determinations  for  the  different  pmoda  of 
this  experiment  are  given  in  table  6.  Tbe  ventilation  conditiona  are  here 
coneidered  in  detail,  since  the  air  is  distinctly  abnormal  so  far  as  its  carbon 
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portion  of  the  carbon  dioxide  in  the  veatilating  air-current  ia  absorbed  in 
the  soda-lime  cans  or  purifiers.  The  amount  so  absorbed  is  recorded  in 
column  d.  The  amount  exhaled  by  the  subject,  i.  e.,  the  amount  actually  pro- 
duced during  any  period,  is  the  algebraic  sum  of  columns  c  and  d.  These 
amounts  are  recorded  in  column  e.  Since  the  volumes  of  the  carbon  dioxide 
are  used  in  computing  the  respiratory  quotients,  they  are  calculated  by  multi- 
plying the  figures  in  column  e  by  the  factor  0.5091  and  the  results  are  recorded 
in  column  f.  Column  g  records  the  amounts  of  carbon  in  carbon  dioxide 
exhaled.  These  values  are  used  in  subsequent  calculations  afTecting  the  gain 
or  loss  of  chemical  elements  in  the  body. 

When  it  is  remembered  that  normal  air  contains  from  3  to  4  parte  of  carbon 
dioxide  per  10,000,  the  data  in  column  a  of  the  table  appear  of  peculiar 
interest.  The  results  serve  to  sIiot  that  the  carbon  dioxide  content  of  the 
air  in  Uiis  experiment  was  in  general  from  8  to  10  times  that  of  nonnal  air, 
and  in  one  instance,  at  7  p.  m.,  December  18,  it  reached  more  than  20  times 
the  normal. 

The  amomit  of  carbon  dioxide  remaining  in  the  chamber  at  the  end  of  each 
period  is  determined  simultaneously  with  the  amount  of  water  by  absorbing  the 
carbon  dioxide  from  the  known  volume  of  air  passed  through  soda  lime.  The 
ratio  of  the  total  volume  of  the  sample  to  the  volume  of  air  in  the  calorimeter 
chamber  being  known,  the  amount  of  residual  carbon  dioxide  can  be  computed. 
The  amount  of  carbon  dioxide,  in  parts  per  10,000,  can  in  all  cases  be  roughly 
approximated  by  multiplying  the  residual  amount  in  grams  of  carbon  dioxide 
by  1.12,  hence  in  subsequent  experiments  the  ventilation  conditions  will  not 
be  expressly  tabulated. 

OXTOER  COKBUVID. 

The  r61e  played  by  oxygen  in  kataboliem  is  a  complex  one,  in  that  all  three 
components  of  the  body,  namely,  protein,  fat,  and  glycogen,  are  oxidized  in 
the  process  of  katabolism.  The  amount  of  oxygen  absorbed  during  the  oxi- 
dation is  of  great  importance  in  interpreting  the  kinds  and  amounts  of  body 
materials  oxidized.  While  in  the  case  of  carbohydrates  oxygen  is  used  to 
oxidize  only  carbon,  since  hydrogen  and  oxygen  in  the  carbohydrate  molecule 
exist  in  the  proportion  to  form  water,  with  fat  and  protein,  on  the  other  hand 
there  is  oxidation  of  both  carbon  and  hydrogen.  Hence  the  ratio  of  the  oxygen 
consumed  to  the  carbon  dioxide  exhaled  is  markedly  different  with  the  three 
groups  of  compounds. 

For  the  proper  interpretation,  therefore,  of  the  specific  katabolism,  a  knowl- 
edge of  the  amount  of  oxygen  absorbed  is  essential.  In  these  experiments  the 
amount  thus  absorbed  is  determined  by  noting  the  loss  in  weight  of  a  steel 
cylinder  from  which  oxygen  is  admitted  to  the  ventilating  system  from  time 
to  time,  and  also  any  drafts  upon  the  residual  amount  of  oxygen  in  the  air 
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of  the  chamber.  There  are  about  1000  liters  of  oxygen  in  the  air  of  the  chamber 
at  the  beginning  of  the  experiment.  The  Bnbject  can  draw  upon  this  residual 
for  oxygen  to  support  the  vital  processes  and  theae  drafts  ironld  of  necessity 
result  in  a  difference  in  the  composition  of  the  air  and  the  Tesidoal  amounts 
of  the  elements  in  it  Furthermore,  the  supply  of  oxygen  admitted  niay  at 
times  be  larger  than  that  actually  consumed  by  flie  subject  and  hence  the 
residual  amount  of  oxygtai  may  increase. 

A  reference  to  the  original  description  of  the  methods  and  appliances  for 
the  methods  of  determining  oxygen*  will  show  that  the  amount  of  oxygen 
supplied  varies  with  the  barometric  pressure.  The  admission  of  oxygen  ia 
determined  by  the  height  of  the  rubber  diaphragms  on  the  two  pans  which 
equalize  the  pressure  of  the  air.  If  the  barometer  falls,  the  air  in  the  chamber 
expands,  thus  causing  the  rubber  diaphragms  to  rise,  consequently  decreasing 
the  admisuon  of  oxygen  during  this  period.  The  oxygen  is  being  consumed  out 
of  the  air  and  a  minimum  amount  is  being  supplied.  Thus  there  is  a  draft 
upon  the  reeidoal  quantity  of  oxygen.  If  the  barometer  rises  the  air  inside 
the  chamber  is  compressed  and  diminishes  in  volume,  resulting  in  a  lowering 
of  tiie  diaphragm  on  the  pans.  It  becomes  necessary,  therefore,  to  so  increase 
the  supply  of  oxygen  as  to  keep  the  rubber  diaphragm  from  touching  ihe 
bottom  of  the  pans  and  thus  eliminate  any  chance  for  a  rarefaction  inside  the 
chamber.  Under  these  conditions  the  oxygen  supplied  to  the  chamber  may  be 
much  greater  than  that  actually  required  by  the  subject  and  the  residual  amount 
be  thereby  considerably  increased. 

The  determinations  of  the  actual  amounts  of  oxygen  admitted  to  the  system 
and  the  variations  in  the  residual  amounts  are  recorded  in  table  7.  Column  a 
records  the  per  cent  of  oxygen  in  the  air  in  the  calorimeter  diamber  at  the 
end  of  each  period,  and  the  actual  amount  expressed  in  liters  is  tabulated  in 
column  b.  These  amounts  were  obtained  as  a  result  of  the  analysis  of  air  at 
7  o'clock  each  morning  and  the  computation  of  the  amount  of  oxygen,  which 
takes  into  consideration  the  amount  of  water-vapor  and  carbon  dioxide  as 
determined  by  the  residual  analysis,  the  amount  of  nitrogen  added  with  the 
oxygen,  and  the  total  air  of  the  chamber.  The  only  factor  that  is  not  shown 
is  the  true  volume  of  air  inside  the  apparatus  at  the  end  of  each  period.  While 
this  volume  is  in  general  not  far  from  4890  liters,  there  may  be  slight  fluctu- 
ations in  volume,  due  to  the  size  of  the  subject  and  number  of  miscellaneous 
articles  inside  the  chamber.  From  these  data  the  amounts  of  oxygen  remaining 
in  the  chamber  at  the  end  of  each  period  were  readily  computed.' 
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9.80  liters.  On  the  contrary,  during  the  period  from  4  to  7  a.  m.  on  the 
experimental  day,  December  19-20,  there  was  a  decrease  of  39.10  liters  in  the 
amount  of  oxygen  in  the  chamber.  These  and  similar  fluctaationB  in  the 
residaal  amonnt  of  oxygen  are  recorded  in  column  c. 


59. 

Date. 

Period. 

Ozmn. 

(0) 

ozTBcn 

(/X0.7). 

Id 

Qaln  (+)  or 

(<) 

Am'nt 
«d- 

am'nt 

.=1 

Amlit  Volume. 

to 
l>er.' 

UXMl 
Dm.  18..... 

Frellmliiar; 

1  •.!&  to    4  •.m. 

&1- 

30  0 

979.83+    80.78 

Oramt. 
+   Siliflfl 

8S!68 

Oramt. 

it 
41 

en. 
81 

Dm.  18-19.. 

iMn.         7«.ni. 
Ta.111.  tolOa-m. 

Jl.l 

989.13  + 

9.80 

+   14.00 

84.44 

70.44 

49 

UI 

SI    1 

B93.97  + 

S.8St+     6.60 

100.83 

95.38 

66 

78 

IOmh.        lp.iii.ai.O 

986. 3(  - 

7.81 

-   10.96 

88.70 

79.88 

56 

78 

;ooa.8{  + 

17. 6( 

+   35.00 

99.84 

74.84 

63 

35 

4p.ID.         Tp.ro.,31.1 

998. W  - 

4.6( 

-     8.67 

90.08 

96.60 

87 

^S 

7p.n>.       10p.m.  30.9 

991. 0(  - 

7.11 

-  10.16 

75.48 

85.64 

59 

96 

lOp.m.         li.m.31.4 

1017.3^  + 

38.18  +   87.40 

106.08 

89.33 

4H 

48 

l».m.         4..m.i21.6 

1019.71  + 

8.45+     8.60 

68.86 

83.35 

44 

35 

Dw.  lft-30., 

4m.lli.         T>.m. 

Ul.U 

1010.36- 

9.48:-  18.83 

SI.  48 

64.98 

45 

49 

....     + 

31.14'+   30.19 

669.81 

629.42 

440 

OS 

T>,m.  tolOLm. 

31.1 

1008.45- 

6.811-      9.78 

93.79    103.63 

71 

76 

lOi-m.         lp.ni.81.1 

1000.01  - 

8.88-      4.88 

67.89      78.63 

50 

78 

1p.m.         4p.m.'ao.9 

988.Be- 

II.51I-   16.44 

61.39  1  77.78 

64 

41 

4  p.m.         7p.m.'30.S 

9S3.4(- 

e.lOl-      8.71 

71.48  ;  80.17 

56 

13 

Tp-m.       lOp.m.30.4 

963.41  - 

IB. 97-  38.68 

81.08 

69.66 

83 

69 

10  p.m.         l«.m.|aO.S 

961. 4<  - 

11.06-   16.79 

58.48 

68.37 

47 

79 

30  0 

936. BS - 

16.13-  31.60 

43.49 

84.09 

44 

H8 

4  a.m.        7  ft.tD 

lU.B 

8B7.35- 

89.10-   66.88 

18.68 

74.38 

63 

07 

....     - 

118.01—161.49 

467.75 

B3B.34 

t40 

48 

19  4 

899.01  -f 

1.79+      3.56 

100.68 

08.03 

H8 

61 

10  a.m.         lp.m 

lA  0 

874.43- 

84.69-  36.18 

47.60 

89.78 

57 

91 

1p.m.        4p.m 

IM  1 

838.98- 

47.441-  87. 7M 

38.38 

B8.01 

87 

81 

4  p.m.         7  p.m. 

17  4 

7B3.S0- 

84.62-  49.48 

30.88 

79.84 

55 

N9 

17,7 

808.91  + 

11.55+    18.60 

100.98 

84.48 

14 

10p.m.         la.in.;i7.T 

806.88  + 

3.45I+      3.50 

74.93 

71.43 

49 

»H 

li.m.        4a.m 

17,9 

815.6:  + 

9.35,+   18.31 

90.78 

77.55 

54 

89 

4  a.m.         Ta-m. 

18.1 

830. li  + 

lt.5l  +   90.73 

76.78 

66.09 

89 

34 

....  - 

550.33 

946.10 

,., 

Since  weights  rather  than  volumes  are  employed  in  many  of  the  computa- 
tions,  the  equivalent  in  grams  of  the  volume  of  oxygen  lost  or  gained  to  the 
residaal  air  ia  computed  by  dividing  the  volume  by  the  factor  0.7,  and  recorded 
in  colomn  d.   The  actual  weight  of  oxygen  admitted  to  the  chamber  from  the 
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eteel  cylinder  is  obtained  by  noting  its  lose  in  weight,  making  due  allowance 
for  the  nitrogen  contained  in  the  compressed  oxygen.  The  weights  of  oxygen 
admitted  are  recorded  in  column  e. 

Since  these  ataounts  do  not  represent  the  quantities  actually  consumed  by 
the  subject,  they  have  been  corrected  for  the  changes  in  the  residual  amounts. 
The  correct  amounts  consumed  by  the  subject  are  recorded  in  grama  in  column 
f  and  in  liters  in  column  g,  since  the  volume  absorbed  is  of  importance  in 
subsequent  computations. 

Table  8. — Elements  katabolieed  in  the  body—MelaboIUM  experiment  2lo.  59. 


^. 

"ir 

CtlboD. 

A 

OxTiu. 

FiTaday,Dee.l8,190S. 

62U.42 

OrHH. 

OroM. 

Onm*. 

Oram. 
629,42 

Oram: 

US4.S0 
46.30 
982.32 
670.55 

li!84 

8^71 
182.86 

167.23 

2.60 

109.92 

1327.27 
16.21 
872.40 
487.69 

%M 

Water  of  rMpiration' 

3193.67 
2564.25 

11.84 
11.84 

191.57 
191.57 

279.75  12703.57 

279.76  2074,15 

6.94 
6.94 

Loss 

Seeond  day.  Dee.  19, 190S. 

629,24 

629.24 

927.00 
54.80 
951.95 
658.94 

li'.ix 

16:46 
m.i'x 

103.73 

3.11 

106.52 

823.27 
18.98 
845.43 
479.23 

8!26 

Water  of  reapirfttioQ ' 

2592.69 
1963.45 

14.11 
14.11 

190.11 
190.11 

213.36 
213-36 

2166.91 
1537.67 

8.20 
8.20 

Loss 

ThiTdday,Dec.eO,190S. 
Income:  Oxygen  from  air 

646.10 

646.10 

871.20 
57.70 
943.15 
650,24 

14^82 

l6!92 
177^32 

97.49 

3.26 

105.54 

773.71 
20.03 
837.61 
472.92 

k'.Vl 

2522.29 
1876.19 

14.82 
14,83 

188.24 
188.24 

206.29 
206.29 

2104.27 
1458.17 

8.67 
8.67 

*  lD«Indc«  rIm  water  of  p«r*pltattoD. 
Hatebial  Katadouzid  is  the  Bodt. 
In  fasting  experiments,  aside  from  the  isolated  instances  of  anabolic  trans- 
formations, the  transformations  of  matter  are  wholly  katabolic,  that  is,  the  body 
is  losing  substance  continually.  In  the  fasting  experiments  here  reported  the 
income  consisted  solely  of  drinking-water  and  oxygen  of  the  air.  Of  these  two, 
oxygen  alone  is  capable  of  entering  into  chemical  combination.  Using  the 
chemical  analyses  of  the  urine  and  the  measurements  of  carbon  dioxide  and 
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vater  output  and  oxygen  intake,  it  is  possible  to  strike  a  complete  balance  of 
intake  and  outgo.  Such  a  balance  may  for  convenience  be  tabulated  in  the  form 
shown  in  table  8.  The  income,  which  on  the  first  day  amounted  to  639.43 
grams  of  oxygen,  is  small  as  compared  with  the  total  outgo,  which 
amounted  to  3193.67  grama  of  material.  The  outgo  is  subdivided  into  water 
of  urine,  solids  of  urine,  water  of  respiration  and  perspiration,  and  carbon 
dioxide. 

In  considering  this  table,  it  should  further  be  stated  that  there  were  no 
feces  passed  during  the  time  of  this  experiment,  and  moreover  it  was  impossible 
to  separate  any  feces  which  could  with  any  certainty  bo  designated  "fasting 
feces."  For  this  reason  the  question  of  the  status  of  feces  in  connection  with 
this  table  is  eliminated. 

Prom  the  chemical  composition  of  water  and  carbon  dioxide  and  the  chemical 
analysis  of  the  solids  in  urine,  it  is  possible  to  compute  the  amounts  of  the 
different  elements  involved  in  the  katabolic  transformations.  Thus,  the  1494.5 
grams  of  water  in  the  urine  of  the  first  day  can  he  subdivided  into  167.33  grams 
of  hydrogen  and  1337.37  grams  of  oxygen.  In  the  case  of  solids  in  urine  we 
have,  from  the  chemical  analyses,  11.84  grams  of  nitrogen,  8.71  grama  of 
carbon,  2.6  grams  of  hydrogen  of  organic  matter,  16.31  grams  of  oxygen,  and 
6,94  grama  of  ash,  the  ash  here  being  treated  as  an  element.  The  amounts  of 
carbon  and  oxygen  in  carbon  dioxide  are  also  shown,  together  with  the  total 
outgo  in  terms  of  nitrogen,  carbon,  hydrogen,  oxygen,  and  ash.  By  deducting 
the  oxygen  of  the  intake,  a  total  loss  to  the  body  of  3564.35  grams  of  material 
is  obtained,  of  which  the  larger  part  is  obviously  oxygen  derived  from  the 
water  of  respiration  and  carbon  dioxide  and  water  in  the  urine,  A  similar 
compntation  for  the  second  and  third  days  shows  losses  to  the  body  of  1963.45 
grams  and  1876.19  grams  of  material,  respectively.  From  these  losses  of  the 
chemical  elements  it  is  possible  to  compute  the  losses  of  compounds.  The 
computations  are  based  upon  the  chemical  analyses  of  body  protein,  body  fat, 
and  glycogen.  For  body  prot«in,  the  work  of  Koehler  *  has  been  taken.  For 
body  fat,  the  analyses  of  human  fat  in  this  laboratory  are  used,'  and  the  carbo- 
hydrates existing  in  the  body  are  assumed  to  be  chiefly  glycogen.  The  following 
is  8  tabular  statement  of  the  composition  assumed  in  these  computations : 


BodyniiterW. 

N. 

C. 

H. 

O. 

Mineral 
mattera 

'ST 

r>»-  <■»(. 

Per«nt. 

Prri^nt. 

Per  cent. 

Pa-esnt. 
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Diaregarding  the  mineral  matters,  the  following  equations  ma;  be  derived 
from  these  data,  letting  p  =  protein,  (  =  fat,  r  =  carbohydrates,  and  w  = 
water: 

O.Mfi7i>  =  N 

0.4440r  +  0.7610t  +  O.S280p  =  C 

0.1119W  +  0.0620r  +  0.1180*  +  O.OTOOp  =  H 

0.88S1MI  +  0.4940r  +  0.1210t  +  O.SSOOp  =  0 

Solving  these  equations  in  terms  of  N*,  C,  H,  and  0,  the  following  formule 
are  obtained: 

Protein  =e.ON. 

Fat  =  0.006  C  +  ».6»3  H  — 1.221 0  —  2.476  N. 

Carbolijrdratae  =  +  2.213  C  — 16.613  H  +  2.093  O  —  2.S92  N. 
Water  =  —  1.S48  C  +  7.920  H  +  0.128  O  +  0.460  N. 

The  quantities  of  each  element  lost  from  the  body,  expressed  in  grams  in 
table  8,  may  be  substituted  in  these  equations  for  the  chemical  elements 
N,  H,  0,  and  0.  Fot  purposes  of  illustration  the  computatioQ  of  the  losses 
of  body  compounds  for  the  first  day  of  experiment  69  are  given  in  some  detail 
in  table  9. 


lixed  to  iKKly— 

nisht. 

■on. 

Cuboo. 

A. 

SCO. 

Aih. 

Firaday.DtclS.lBOS 

Income:  Oxygen  from  air 

Outgo: 

Oromt. 

629.42 

Onmt. 

Oramt. 

Oram,. 

^9^ 

Otm*. 

1404.60 
46.30 
982.32 
670.66 

11.84 

8. 71 
182:86 

167.23 

2.60 

109.92 

1327.27 
16.21 
872.40 
487.69 

6!94 

Water  otreapiration' 

3193.67 
2564.26 

11.84 
11.84 

191.67 
191.67 

279.75 
279.75 

2703.57 
2074.16 

6.94 
6.94 

LOM 

71.04 

150.72 

89.16 

2247.48 

6.85 

11.84 

37.61 
114.70 
39.69 

4.97 

17.78 

5.53 

251.49 

15.63 

18.24 

44.04 

1995.99 

1.09 
s!85 

2564.25 

11.84 

191.80 

279.77 

2073.90 

6.94 

D  water  of  perfplratloli. 


As  a  mathematical  verification  of  these  computations  the  results  are  expressed 
in  tabular  form,  and  by  use  of  the  percentage  composition  shown  above  the 
amounts  of  nitrogen,  carbon,  hydrogen,  and  oxygen  in  the  quantities  of  each 
compound  lost  may  be  recomputed.    The  sum  of  the  different  elements  should 
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then  equal  the  origioal  quantities  of  elements  lost  The  mathematical  verifi- 
cation  of  these  compatations  is  shown  in  table  9. 

Two  features  of  this  table  demand  special  discoesion.  In  the  first  place,  vhile 
the  actual  amount  of  ash  deteimined  by  chemical  analyses  is  seen  in  table  4 
to  have  been  6.94  grams,*  here  it  is  seen  that  only  5.85  grama  of  ash  were 
katabolized.  On  the  other  hand,  it  must  be  borne  in  mind  that  in  the  71.04 
grams  of  protein  katabolized  there  were  1.09  grams  of  ash,  aince  protein  con^ 
tains  1.63  per  cent  of  mineral  matter.  It  is  necessary,  therefore,  to  deduct  from 
the  total  amount  of  ash  in  the  output,  6.94  grams  *  in  this  particular  experiment, 
the  total  amount  of  ash  in  the  protein,  1.09  grams,  since  the  ash  of  the  kata- 
bolized protein  appears  in  the  urine.  Therefore  the  difference,  6.86  grams, 
is  ash  other  than  ash  of  protein. 

In  the  second  place,  while  it  has  been  stated  above  that  the  sum  of  the 
elements  in  these  compounds,  as  computed  from  their  percentage  composition, 
should  equal  the  qnantities  of  elements  lost,  there  are  slight  discrepancies, 
amounting  to  but  0.1  or  0.2  of  a  gram,  which  are  due  to  the  dropping  of 


Dam. 

Nltro- 
Ken. 

(6) 
Oubon 

Hyflpo- 

W«ter.i 

Protein. 

<0) 

ti) 

Dec.  18-lB  ... 
Dm.  1V..S0.... 

D«.ao-8i.... 

ToUl,8d«7t. 

Oram 
n.94 
14.11 

u.sa 

OnuM. 
191.67 

leo.ii 

188.34 

Oramt. 
379.76 

ais.se 

808.39 

Orawu. 
3074.15 
1687.67 
1456.17 

Qrawu. 
3347.48 

lft86.S7 
1698,86 

Oram*. 
71.0* 
84.  SO 

88,93 

Gramt. 
150.73 
IGS.Ol 
188.89 

89.16' 
69.41 
4.33 

ffTMU. 

6.94 
8.30 

8.67 

40.77 

SS9.03 

S99.40 

60S9.99 

M96.7a 

344.03 

490.79 

193.79 

B8.S1 

supernumerary  figures  in  the  computations.  The  agreement  is  sufBciently 
close,  however,  to  demonstrate  the  mathematical  accuracy  of  the  computation  of 
the  protein,  fat,  glycogen,  water,  and  ash  katabolized. 

Elements  and  matericUs  iatdboliaed  in  the  body. — As  a  result  of  the  com- 
putations cited  above,  we  have  not  only  the  amounts  of  the  chemical  elements 
lost  from  the  body,  but  also  the  chemical  compounds  expressed  in  terms  of 
water,  protein,  fat,  carbohydrates,  and  ash.  These  are  shown  in  table  10 
for  each  day  of  the  experiment.  The  figures  for  the  first  day  are  also  shown  in 
table  9. 

By  inspection  of  the  figures  for  the  daily  amounis  it  is  seen  that,  save  in  the 
case  of  the  carbohydrates,  about  the  same  quantities  of  materials  were  lost  on 
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each  day,  Buggesting  constSBcy  of  katabolism.  In  comparing  the  results  of  the 
three  difFerent  days,  there  is  an  increasing  loss  of  nitrogen,  a  nearly  constant  loas 
of  carbon,  a  rapidly  diminishing  loss  of  hydrogen  and  oxygen,  and  consequently 
a  corresponding  diminution  in  the  water  lost.  The  striking  difference,  as  has 
been  pointed  out  above,  is  in  the  case  of  carbohydrates,  in  which  the  loee  of 
glycogen  becomes  markedly  less  each  day.  But  4.22  grams  of  glycogen  were 
osidized  in  tlie  body  on  the  last  day. 

Since  experiment  No.  69  is  one  of  the  earliest  experiments  in  the  series  in 
which  fasting  metabolism  was  studied,  it  seems  undesirable  to  discuss  the 
peculiar  characteristics  of  tbe  fasting  metabolism  until  opportunity  is  had  to 
examine  all  of  the  available  data;  consequently,  the  data  for  the  subsequent 
experimentB  will  be  presented  in  due  course  and  the  main  discussion  deferred 
until  all  the  evidence  has  been  considered.  It  doea  seem  fitting,  however,  to 
explain  somewhat  more  fully  the  tise  of  terms  employed  in  the  tables  above. 

In  discussing  material  katabolized  in  the  body,  objection  can  be  raised  to 
Che  use  of  the  expression  "  water  katabolized  in  the  body,"  since  in  the  compu- 
tations of  the  quantities  of  material  katabolized  water  is  involved  only  as  pre- 
formed water.  Aside  from  this  preformed  water,  which  leaves  the  body  as  such 
and  is  considered  in  the  table  as  "  water  katabolized  in  the  body,"  there  is  other 
water  resulting  from  the  oxidation  of  the  protein,  fat.  and  carbohydrate*.  The 
total  water  eliminated  from  the  body,  namely,  the  sum  of  the  water  of  urine, 
respiration  and  perspiration,  and  feces,  if  any,  includes  not  only  the  va^ter 
katabolized  in  the  body  in  the  sense  in  which  the  expresBion  is  used  above  (i.  e., 
preformed  water),  but  also  the  water  resulting  from  the  katabolism  of  the 
protein,  fats,  and  carbohydrates.  Certain  discrepancies  appear  when  the 
attempt  is  made  to  compare  the  water  katabolized  in  the  body  in  table  9  with 
the  total  water  output.  There  is  an  excess  of  water  eliminated  over  the 
so-called  "  water  katabolized  in  the  body,"  but  if  the  water  of  oxidation  of  the 
organic  hydrogen  of  protein,  fat,  and  carbohydrates  katabolized  is  deducted 
from  the  total  water  elimination,  the  discrepancy  disappears.  Since  a  portion 
of  the  organic  hydrogen  of  the  protein  katabolized,  i.  e.,  the  organic  hydrogen 
of  the  urine,  is  not  oxidized,  this  amount  must  be  deducted  from  the  organic 
hydrogen  of  the  protein.  A  mathematical  verification  of  these  points  may  be 
made  in  the  following  way : 

The  total  water  eliminated  equals  the  weight  of  the  water  in  the  urine, 
1494.50  grams  (see  table  9)  plus  the  water  of  respiration  and  perspiration, 
983.32  grams,  or  a  total  of  2476.83  grams.  The  water  katabolized  from  the 
body  as  preformed  water  is  2247.48  grams.  Thus  there  was  an  excess  of 
839.34  grams  excreted  as  the  result  of  oxidized  hydrogen  of  organic  matter. 
During  this  day  there  were  katabolized  71.04  grams  of  protein,  150,73  grams 
of  fat,  and  89.16  grams  of  glycogen.  These  materials  contain  4.97,  17.78,  and 
5.53  grams  of  organic  hydrogen,  respectiveh' — a  total  of  28.28  grams.    Deduct- 
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lug  the  orgaoic  hydrogen  of  the  urine,  2.G0  grams,  there  remains  25.68  grams, 
the  amount  of  organic  hydrogen  that  was  oxidized  during  the  day.  Prom  the 
ratio  of  hydrogen  to  water  it  is  computed  that  there  are  229.6  grams  of  water 
resnltiug  from  this  oxidation.  Thus  the  discrepancy  appareotly  existing  be- 
tween the  total  elimination  of  water  and  the  water  katabolized  from  the  body  is 
explained  by  the  water  of  oxidation  of  organic  hydrogen. 

This  computation  assumes  that  all  the  organic  hydrogen  of  the  urine  results 
from  the  decomposition  products  of  protein.  While  the  numerous  tests  for 
albumen  and  sugar,  which  were  invariably  n^ative,  would  preclude  the 
possibility  of  organic  hydrogen  from  these  two  sources,  nevertheless  the  marked 
acidosis  observed  by  Brugsch '  would  lead  to  the  inference  that  organic  matter 
other  than  that  of  the  disintegration  products  of  protein  might  well  be  present 
in  the  solids  of  urine  in  fasting  experiments.  With  the  data  at  hand,  however, 
no  better  method  of  distinguishing  between  preformed  water  and  water  of 
oxidation  of  organic  hydrogen  has  as  yet  been  obtained. 


Dkta. 

Outxo  from  the  bod;. 

(0) 
Water 

(C-ll) 

W 

Water 
uTine. 

PMPllJr 

Tot^ 

w»torln 

OUI«0. 

Ce) 

iDtake 
■Dd 
drlDk. 

Lobs  of 
formed 

D«.lS?18 

Dec.  1»-M 

D«e.  30-31 

Totol.  8  diji. . 

AT.p«rd»j.... 

937.00 
871.30 

gsi.QG 

IMS.  IS 

1878. B5 
lS14.Sfi 

165S.87 
lSe8.S5 

Orami. 

1843.90 
1380.30 
1188,00 

o54"98 
398.97 

404. SG 

Oram. 
339.34 
338.08 
333.00 

88t«.70 

1097.57 

3877.43  1   8170.13 
9SS.14  1   SD50.71 

549S.70 

issi.eo 

8890.70 
1396.90 

1806.00 
680.00 

074.48 
334.81 

Balance  of  water. — ^While  the  figures  in  table  10  indicate  the  loss  of  elements 
and  materials  from  the  body,  the  income  of  water  has  not  been  taken  into 
consideration  in  any  of  the  computations  thus  far,  while  the  oxygen  of  the 
income  has  been  duly  considered.  Hence  it  is  clear  that  the  loss  of  water 
from  the  body  as  given  in  column  e  o*f  table  10  is  not  the  net  amount  lost, 
since  the  body  received  certain  amounts  of  water  daily.  Thus,  on  the  first 
day,  there  were  consumed  1342.5  grams  of  water;  on  the  second  day,  1360.2 
grams;  on  the  third  day,  1188.0  grams.  If  the  amount  of  drinking-water  la 
taken  into  consideration,  the  actual  loss  of  water  from  the  body  is  much  less 
than  appears  in  table  10.    The  true  loss  of  preformed  water  is  therefore  the 

,  p.  419.    Cf.  aim  BOnnlger  and  Mohr, 


Digitized  by  Google 


43  Influence  of  iNAjfiTiON  oh  MsiAJBOLiaH. 

difFerence  between  the  loss  repreaented  in  table  10  and  the  intake  of  vater  as 
given  in  table  Z ;  conseqneotly,  on  the  first  day,  the  lose  of  water  from  body 
tisBuee  would  he  3347.48 —  1343.S0,  or  904.98  grama.  A  siniilar  computation 
ahowB  the  losBes  of  the  second  and  third  days  to  he  296.67  and  404.36  grams, 
respectively.    The  data  for  obtaining  these  losses  are  tabulated  in  table  11. 

Aside  from  the  preformed  water  in  the  mnscles  and  tisanes  of  the  body  which 
was  lost  dnring  fasting,  there  remains  to  be  considered  the  water  lesolting  from 
the  oxidation  of  the  protein,  fats,  and  carbohydrates  katabolized,  or  the  water 
of  oxidation  of  the  organic  hydrogen  contained  in  these  compounds.  Since  this 
water  was  measured  together  with  the  rest  of  the  ontput,  it  is  included  in  the 
total  amount  of  water  eliminated  from  the  body,  namely,  column  e.  Deducting 
the  preformed  water  lost  (column  d),  the  values  fov  the  water  of  oxidation  of 
the  organic  hydrogen  are  obtained.    These  are  recorded  in  colnmn  g. 

OtrrpcT  or  Heit. 

Measurements  with  the  respiration  calorimeter  include  the  determination  of 
the  heat  output  of  the  body.  As  these  measurements  have  a  very  direct  and 
important  hearing  upon  the  meaanrements  of  body  material  katabolized,  a 
careful  inspection  of  the  heat  data  is  of  interest 

The  larger  portion  of  the  heat  given  off  from  the  body  is  measured  by  the 
current  of  cold  water  which  passes  through  the  heat  absorbers  inside  the 
respiration  chamber.  From  the  difFerencee  in  temperature  of  the  water  as  it 
enters  and  leaves  the  chamber,  and  the  mass  of  water,  the  heat  absorbed  can 
be  computed. 

Correction  for  specific  heat  of  water. — ^The  measurement  of  heat  by  this 
method  involves  the  nse  of  a  varying  standard,  i.  e.,  the  calorie  at  the  differ^it 
ranges  of  temperature  through  which  the  water  is  warmed,  and  it  is  accordingly 
necessary  to  reduce  these  observed  heat  values  to  the  standard  calorie,  which 
in  all  of  the  work  vrith  the  respiration  calorimeter  thus  far  has  been  the  calorie 
at  80°  C  There  are  not  immaterial  differences  in  the  specific  heat  of  water 
at  different  temperatures.  These  specific  heats  have  been  computed  and 
placed  in  tabular  form  elsewhere.* 

The  method  of  reducing  this  heat  to  terms  of  C,«  is  shown  in  table  IS. 
Thus,  in  column  a  is  recorded  the  heat  measured  as  the  product  of  the  mass 
of  water  and  the  differences  in  temperature.  In  column  b,  the  range  of 
temperature  as  expressed  in  degrees  centigrade,  and  in  colnmn  c  the  specific 
heat  for  these  ranges  of  temperature  are  shown.  By  multiplying  the  heat 
measured  by  the  specific  heat  of  water  at  the  temperatures  used,  Ihe  heat  in 
terms  of  C,„  recorded  in  column  d  can  be  obtained. 
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While  these  changes  are  emeil,  amoimtiDg  to  less  than  4  calories  for  the 
whole  day,  and  while  it  may  appear  that  other  difictepanciefl  much  greater 
ate  n^lected,  nerertheless  it  is  oiir  cnatom  to  include  this  change  in  an  ende&ror 
to  secure  the  greatest  possible  accnracy  with  every  factor  determined  by 
means  of  this  apparatus.  An  extended  discussion  of  the  errors  involred  in 
the  different  detenninataons  is  given  elaewhere." 

Correction  for  tempfrature  of  water  and  dithet, — ^In  addition  to  the  heat 
brought  away  by  the  water-current,  there  are  minor  ch&ngee  in  the  amount  of 
heat  in  the  chamber  resulting  from  the  introduction  of  material  at  a  tem- 
perature below  or  above  that  of  the  chamber.  In  fasting  experiments  these 
changes  are  at  a  minimum  and  consist  chiefly  of  the  introduction  of  cold 


D»le»nd  period. 

Beat 

meuund. 

B>iw>of 
temper- 
Stan. 

7  ft.111.  to  10«.m... 
10  a. m.         Ip-in... 

Ip.m.          4p.Bi.. 

4p.ni.         7p.in.. 

7  p.m.  10  p.m.. 
10  p.m.         l».m.. 

1  h.m.         4  a-m. . 

4  ..m.  7».m.. 
ToUltordKT... 

ColorlM. 
867.8 
904.0 
IW.B 
823.0 
205.7 
181.  a 
117.1 
157.  B 

»0. 
B-14 
»-14 
&-I4 
»-14 
9-14 
B-16 
»-17 
8-17 

1.0093 
1.0033 
1.0025 
1.0032 
1.0032 
1.0021 
1.0018 
1.0030 

CWortM. 
267.9 
304.4 
300.4 
33S.1 

9oe.2 

181.6 
117.8 
158.2 

1490.7 

1499.0 

drinking-water  contained  in  glass  bottles.  Occasionally  the  urine  or  feces  may 
be  withdrawn  before  th^  reach  the  temperature  of  the  chamber.  In  all  cases 
the  time  at  which  the  material  is  put  in  or  taken  from  the  chamber,  the  nature 
of  the  material,  and  the  weight  and  temperature  are  recorded.  The  amounts 
of  heat  lost  or  gained  by  the  water-current  due  to  the  difFerencee  betweffl 
the  temperature  of  the  calorimeter  and  the  water  and  dishes  used  on  the 
first  day  of  experiment  Ko.  59  are  given  in  table  13.  The  specific  heat  of  glass 
is  taken  as  0.3.  From  the  specific  heat  of  the  material,  the  weight  in  grams, 
and  the  differences  between  the  temperature  of  the  material  and  the  calorimeter 
chamber,  the  quantities  of  heat  absorbed  or  given  off  are  computed. 

In  only  one  instance  during  this  experiment  was  any  material  introduced 
into  the  respiration  calorimeter  above  the  temperature  of  the  chamber.  At 
4.30  p.  m.,  December  IS,  four  glass  urine  bottles,  weighing  1743  grams,  were 
introduced  at  a  temperature  1°  above  that  of  the  chamber.    All  other  eor- 
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rections  were  due  to  cold  drio king-water.  The  Bum  of  the  corrections  for  this 
day  IB  22.7  calories,  or,  in  other  words,  22.7  calories  of  heat  were  required  to 
warm  the  objects  to  the  temperature  of  the  calorimeter  chamber,  and  hence 
were  not  measured  in  the  water^current. 

Capacity  correction  of  the  calorimeier. — Even  with  the  most  skillful  physical 
assistants  slight  fluctuations  in  tlie  temperature  of  the  calorimeter  are  unavoid- 
able, and  since  the  large  mass  of  metal  is  capable  of  storing  and  yielding 
considerable  quantities  of  heat,  tl>e  result  of  these  fluctuations  must  be  taken 
into  consideration  to  determine  correctly  the  total  heat  elimination  for  any 
given  period.  From  a  number  of  tests,  which,  however,  admittedly  partake  more 
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of  the  nature  of  close  estimates  than  of  scientific  experiraeuta,  the  hydrothermal 
equivalent  of  the  calorimeter  has  been  found  to  be  60  kilos.  Consequently,  to 
obtain  the  capacity  correction  of  the  calorimeter,  the  temperature  fluctuations 
in  degrees  centigrade  are  multiplied  by  60. 

Correction  for  heat  in  bedding. — The  necessity  of  correcting  the  heat 
measured  for  the  heat  in  the  bedding  is  based  upon  the  fact  that  during  the 
period  from  10  p.  m.  to  1  a.  m.,  when  the  subject  retires  at  night,  a  considerable 
quantity  of  heat  ie  produced  which  is  not  liberated  into  the  air  of  the  chamber, 
but  is  retained  by  the  bed  and  bedding  until  some  time  after  the  subject  has 
risen  in  the  morning.  From  the  heat  eliminated  and  other  factors  it  has 
been  computed,  though  by  crude  methods,  that  30  calories  of  heat  are  thus 
absorbed  and  liberated  by  the  bedding.  Consequently,  during  the  first  period 
in  the  moming,  there  is  a  certain  increment  of  heat  measured  by  the  water- 
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current  which  was  stored  m  the  bedding  during  the  previous  night,  and  hence 
must  be  deducted. 
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the  period  from  10  p.  m.  to  1  a.  m.  the  correctioii  is  positive.  It  ie  important 
to  note  that  no  matter  what  error  affects  this  correction,  it  is  a  compensatiD^ 
one  and  hence  it  does  not  affect  the  measnrement  of  the  heat  elimination  for 
the  24  hours.  It  affects  only  the  two  periods  to  which  the  correctiong  are 
applied. 

Correction  for  the  heat  of  vaporization  of  water. — A  very  coneideTable  pro- 
portioD  of  the  total  heat  giyen  off  from  the  body,  especially  during  rest,  is 
Tised  for  the  vaporization  of  water  from  the  Inngs  and  akin.  The  amount  of 
water  tbns  vaporized  equals  the  total  amount  in  the  outgoing  air  plus  the  gain 
or  loss  of  water  vapor  in  the  residual  air  from  the  preceding  period.  For  the 
want  of  a  more  accurate  factor  for  the  heat  of  vaporization  of  1  gram  of  water 
at  the  temperature  of  the  calorimeter  we  have  used  the  factor  0.592,  based  on 
Begnaulfs  work. 

Bummary  of  caiorimetric  measurements. — The  various  correctiona  mentioned 
above  to  be  applied  to  the  heat  measured  by  the  calorimeter  are  given  in  table 
14,  the  total  corrected  heat  eliminated  being  recorded  in  column  h. 

Total  Hxat  PBODUcnoit. 

The  simple  measurement  of  heat  lost  by  the  body  is  not  sufficient  for  the 
proper  interpretation  of  the  processes  of  metabolism.  Since  metabolism  and 
heat  prodnctioD  rather  than  heat  elimination  go  hand  in  hand,  it  is  of  vital 
importance  to  distinguish  between  heat  production  and  heat  elimination ;  and 
for  accurate  measnrementa  of  heat  production,  knowledge  of  the  fluctuations 
in  the  store  of  heat  in  the  body  is  absolately  essential 

Changes  in  the  retidval  heat  in  the  hody  due  to  variation  in  body  weight  and 
temperature. — The  body  of  the  subject  may  be  said  to  be  a  large  reservoir 
for  heat  and  the  quantity  of  heat  thus  stored  in  the  body  varies  with  every 
period  of  the  day.  Even  with  constant  body  temperature  there  are  noticeable 
fluctuations  in  body-weight  which  involve  considerable  changes  in  the  amount 
of  heat  actually  existing  in  the  body.  Similarly,  differences  in  body  temper- 
ature cause  fluctuations  in  the  storage  of  heat  For  example,  if  a  subject 
weighs  60  kilos  and  there  is  a  rise  of  temperature  of  1°  C,  thia  is  practically 
equivalent  to  the  storage  of  60  calories,  since  the  specific  heat  of  the  body  is 
not  far  from  0.83.  A  corresponding  fall  of  temperature  is  followed  by  a 
corresponding  loss  from  the  store  of  heat.  But  even  thoogh  the  temperature 
be  constant,  if  the  body  loses  SOO  grams  in  weight,  obviously  500  grams  of 
material  have  been  cooled  from  the  temperature  of  the  body,  37°  C,  to  the 
temperature  of  the  chamber,  20°  C,  and  thus  7.1  calories  of  heat  have  been 
given  up  which  were  not  actually  produced  during  &ie  period. 
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88  7et  no  simple  airangemeiit  seems  to  be  posBible  for  eecnring  the  body- 
weight  of  the  gabject  at  the  end  of  each  period  without  the  extraneous  muscxdar 
effort  of  adjusting  the  furniture  in  the  chamber  and  suspending  the  weighing 
chair  on  tiie  special  scale  provided  for  the  purpose.  Therefore  the  weighings 
are  usually  made  hut  once  each  day.  From  the  weights  so  found,  the  changee 
in  body-weight  from  period  to  period  were  computed.  The  details  of  such 
computatioDS  are  shown  for  the  first  day  of  this  experiment  in  table  16. 

The  income  consists  of  oxygen  and  water  consumed,  and  the  outgo,  of  water 
of  respiration  and  perspiration,  carbon  dioxide,  and  urine.     During  the  period 

Tasle  15. — Ulutnee  of  iodiMocioM  iuring  iiffermt  periodM  of  tha  Oav—Metabolitm 
mperiiMHt  No.  B9  (Dmember  18>19,  190S). 
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1  IiwiadM  alto  wsMr  ct  pertplratloD. 

from  7  to  10  a.  m.  there  was  a  total  loss  from  the  body  of  198.61  grams  over 
and  above  the  income  of  oxygen  and  water.  Thus  the  body-weight  at  10 
o'clock  was  less  by  199  grams  than  it  was  at  7  a.  m.  During  the  next  period  the 
income  was  slightly  larger  than  the  output  and  therefore  the  body-weight  was 
slightly  increased.  The  computations  for  the  remaining  periods  of  tiie  day, 
with  tike  final  corrected  body-weight,  appear  in  the  table. 

Unfortunately,  in  this  particular  experiment  the  special  scale  for  weighing 
the  num  bad  not  been  installed  and  tiie  body-weights  were  very  defective,  but 
from  later  observations  on  this  same  subject  it  is  assumed  that  when  naked 
he  weighed  67.796  kilos.     That  this  figure  is  very  nearly  correct  seems  fairly 
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certain  from  a  comparieon  of  these  data  with  weights  taken  by  the  subject, 
the  weight  of  clothes  being  taken  into  consideration.  The  figure  above  was 
therefore  taken  as  a  basis. 
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■  Tbe  WBlght  g-lveo  for  I  a.  m.  Brbltrarllr  auamed. 


In  addition  to  tbe  flactuations  in  body-weight,  it  is  necessary  in  order  to 
get  the  true  heat  produced,  to  know  also  tbe  changes  in  body  temperature. 
These  latter  were  taken  with  the  electrical  rectal  thermometer,  which  has  been 
described  in  detail."    While  reserving  the  list  of  thermometric  observations  for 
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discussion  elsewhere,  it  will  suffice  for  the  particular  purpose  in  view  to  give 
the  bod^  temperatore  detenninations  for  the  end  of  each  period.  These  are 
recorded  in  colnmn  a  of  table  16.  The  difFerencee  from  period  to  period  are 
recorded  in  the  second  colnmn.  The  data  recording  the  bodj-weight  are  given 
in  columns  c  and  d,  while  the  final  colnmn  gives  the  diflerencea,  doe  to  change* 
in  body-wei^t  and  temperature,  in  the  amount  of  heat  stored  in  the  body. 

Tabu  17. — Total  he<U  production— Uetaltolitm.  ezp«rlmmt  No.  S9. 
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In  order  to  show  the  method  b;  which  the  change  in  the  amount  of  heat 
stored  in  the  body  of  the  subject  (column  e)  is  foond,  a  concrete  example  is 
here  taken.  At  7  a.  m.,  December  18,  the  subject  weighed  67.796  kiloe,  the  body 
temperature  was  36.73°,  and  the  calorimeter  temperature  was  20°.  If  bis  body 
bad  cooled  down  to  the  calorimeter  temperature  immediately,  the  quantity  of 
heat  which  would  have  been  liberated  would  be  67.796  X  0.83  (Uie  specific 
heat  of  body  material)   X  16-72  (difference  between  the  temperature  of  the 
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bod;  and  the  caloriineter)  =  940.88  calorics.  Similarly,  at  10  a.  m.  the  body 
weight  wae  67.697  kiloe,  and  the  difference  between  body  temperature  and 
calorimeter  temperature  was  17°.  The  formula  would  then  be  67.597  X  0.88 
X  17.0  =  953.80.  The  difference  between  the  amount*  of  heat  in  the  body 
reduced  to  20°  at  7  a.  m.  and  10  a.  m.  is  953.80  —  940.88  =  12.93  calories. 
There  were,  therefore,  13.92  calories  of  heat  stored  in  the  body  more  than 
were  present  at  7  a.  m.,  and  consequeotly,  since  this  quantity  of  stored  heat 
was  derived  from  the  beat  produced  during  this  period,  it  shoold  be  added  to 
the  heat  eliminated  to  give  the  heat  production.  The  results  for  oil  the 
different  periods  are  recorded  in  column  t. 

BeUUion  of  heat  production  to  heat  elimination. — The  total  heat  ptodnction 
is  the  heat  eliminated  corrected  for  changes  in  the  amount  of  heat  residual 
in  the  body.     The  corrections  for  the  heat  elimination  have  prerionsly  been 

Takes  19.—AmounU  of  tody  protein,  fat,  and  olycogen  hatOboibxi  and  energy  of 
eock' — MetMolttm  atperinent  No.  S9. 
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considered  and  are  tabulated  in  columns  c  to  g  oi  table  14.  The  eorrectiona 
for  the  changes  in  the  amounts  of  heat  residual  in  the  body  as  found  in  table  16 
are  applied  to  the  corrected  heat  elimination  and  thus  the  total  heat  production 
is  obtdned.    These  results  are  shown  in  table  17. 

Energy  of  body  fnaterial  Jott. — The  quantities  of  protein,  fat,  and  carbo- 
hydrates katabolized  in  the  body  have  been  computed  from  the  chemical  analyses 
and  the  formole  given  on  page  38.  The  energy  of  these  compounds  may  be 
computed  from  the  wraghts  katabolized  and  the  heats  of  combustion  of  body 
protein,  fat,  and  carbobydratee.  The  heat  of  combustion  of  fat-free  muscolar 
tissue  from  which  the  nitiogenoue  extractives  have  not  been  removed  is  not  far 
from  5.65  calories  per  gram.  A  large  number  of  determinations  of  the  heat  of 
combustion  of  human  fat  made  in  this  laboratory  "  averaged  9.54  calories  per 
gram.  The  beat  of  combustion  of  glycogen  bus  frequently  been  determined 
as  4.19  calories  per  gram.  The  computation,  therefore,  of  the  energy  resulting 
from  the  katabolism  of  any  one  of  these  three  different  compounds  in  the 

"Benedict  *  Osterberg,  Amer.  Joum.  Physiol.  (1900),  4,  pv-  3S-76. 
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body  may  be  made  by  multiplying  its  amoont  in  gramB  by  its  heat  of  com- 
baetion.  The  reanlte  are  stated  in  table  18.  Tbe  total  energy  vhich  would 
result  from  the  katabolism  of  the  varying  amounts  of  the  protein,  fat,  and 
glycogen  is  given  in  the  last  column. 

It  should  be  here  noted  that  these  figures  represent  the  total  potential 
energy  of  the  different  materials  and  not  the  actual  energy  liberated  in  th« 
body,  for  while  in  the  katabolism  of  fat  and  carbohydrates  the  total  heat  of 
oxidation  is  liberated,  in  tbe  katabolism  of  protein  a  certain  moiety  is 
eliminated  as  the  potential  energy  of  urine. 

BuiAncB  (O'  BitneT. 

As  the  total  heat  produced  is  derived  from  the  katabolism  of  body  protein, 

fat,  and  carbohydrates,  there  should  be  an  exact  balance  between  the  computed 


Dtte. 

Baerry  derlTed  frtim  dUteraot  aoanei. 

(01 

Total 

BnersT  from 
body  materliU 

From  body  protein. 

From 

(() 
From 

to 

TotoL 
(c-f-d+«) 

tliaa  output. 

teln 

•Mr 

fl» 

3 

«) 
Pro- 

(h*B) 

»~.'ff».... 

Doc.  18-30. . . . 
Dm.  80-81.... 

Tot«l,  S  dfty*. 

At.  p«r  dtj.. 

Vol*. 
401 
478 
S09 

dolt. 

«1 

IM 
111 

Colt. 
810 
373 
S91 

'Si 

1494 
17S0 

OaU. 

874 
949 

18 

Colt. 

31  sa 
aiis 

2169 

Colt. 
8080 
MOT 
8102 

8 
67 

Peret. 
8.0 
0.4 
8.7 

13S1 
400 

808 
108 

107S 
867 

4S89 
1561 

641 
SI4 

0896 

ai8s 

oas9 

3096 

107 
S6 

i'.i 

total  energy  of  the  materials  oxidized  in  the  body  and  the  total  heat  produced. 
That  such  a  balance  exists,  thoi^h  it  la  not  a  perfect  one,  appears  from  a 
consideration  of  table  19.  Since,  however,  not  all  tbe  potential  energy  of  the 
protein  is  actually  liberated  in  its  katabolism,  the  net  energy  from  the  body 
protein  is  derived  by  deducting  the  potential  energy  of  the  urine  from  the 
energy  of  &o  protein  katabolized.  This  computttion  is  made  in  the  first  three 
columns  of  the  table.  The  energy  of  body  fat  and  glycogen  katabolized  are  iden- 
tical with  the  amonnta  shown  in  tabic  18.  The  total  energy  derived  from  the 
difEerent  sources,  therefore,  is  tbe  sum  of  the  net  energy  of  tbe  protein,  tbe  heat 
of  combustion  of  the  body  fat,  and  the  beat  of  combustion  of  the  body  glycogen. 
This  total  is  recorded  in  column  f.  The  total  heat  production  shown  in  table 
17  is  recorded  in  colnnm  g  above.  Theoretically  at  least,  we  should  expect  that 
the  total  beat  production  would  correspond  to  the  total  energy  derived  from  the 
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different  sources.  The  difference  between  these  two  quantities  is  Bhovn  in 
column  h  and  the  percentage  discrepancj  is  given  in  the  last  colnmn. 

The  difficulties  of  striking  an  accurate  balance  of  this  kind  for  an  experiment 
of  34  hours'  duration  are  obvious,  since  there  are  a  number  of  physiological 
errors  involved  which  preclude  extremely  accurate  work.  On  the  other  hand, 
if  the  experimental  period  be  made  to  cover  several  days,  the  physiological 
errors  may  and  doubtless  do  in  a  large  measure  compensate.  From  the  average 
of  the  three  days  of  this  experiment,  it  appears  that  the  average  heat  production 
as  measured  by  the  cslorimeter  with  corrections  is  36  calorics  less  than  the 
estimated  energy  derived  from  the  different  Bources  or  an  error  of  +  1.7  per 
cent.  Further  discussion  of  the  magnitude  of  this  error  and  its  relation  to  other 
experiments  is  deferred. 

In  computing  the  percentage  discrepancy  between  the  total  heat  production 
and  the  estimated  energy  of  material  oxidized  in  the  body  the  former  is 
nsed  as  the  standard  of  measurement  and  the  error  assumed  to  be  due  to  the 
estimates  of  the  energy  of  material  oxidized  in  the  body.  Although  the  direct 
measurement  of  oxygen  furnishes  data  for  a  more  exact  estimation  of  the 
products  of  katabolism  than  has  heretofore  been  obtained,  it  is  believed  that 
at  present  the  errors  tn  the  assumption  of  the  energy  of  material  kaiabolized 
in  the  body  are  greater  than  the  errors  in  the  determination  of  the  heat  pro- 
duction and  hence  the  latter  factor  is  used  as  the  standard  for  comparison.  It 
is  to  be  noted,  however,  that  not  only  in  this,  but  in  the  whole  series  of  experi- 
ments here  reported,  the  agreement  between  the  total  heat  production  and  the 
estimate  of  the  energy  of  body  material  actually  oxidized  is,  on  the  whole,  very 
satisfactory. 


Since  heat  is  the  result  of  the  oxidative  processes  in  the  body  it  is  natural 
to  suppose  that  there  would  be  some  simple  relations  existing  between  the 
quantities  of  oxygen  absorbed,  the  quantities  of  carbon  dioxide  eliminated, 
and  the  heat  produced.    The  data  on  this  point  are  given  in  table  30. 

In  earlier  experiments,  where  the  amounts  of  oxygen  and  carbon  dioxide 
were  determined,  the  heat  was  not  directly  determined,  but  the  ratio  of  tlie 
respiratory  gases  has  been  of  great  value  in  estimating  the  heat  production. 

Oxygen  thermal  quotient. — The  ratio  between  the  amount  of  oxygen  con- 
sumed and  the  amount  of  heat  produced  may  be  termed  the  oxygen  thermal 
quotient,  and  this  ratio  can  be  expressed  as  the  number  of  grams  of  oxygen 
that  is  absorbed  to  produce  100  calories  of  heat. 

The  ratios  between  the  oxygen,  carbon  dioxide,  and  heat  are  of  interest  not 
only  for  the  whole  day,  but  also  for  the  shorter  periods,  and  hence  in  column  c 
the  oxygen  thermal  quotient  for  each  3-hour  period  has  been  recorded. 
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Carbon  dioxide  thermal  quotient. — The  ratio  between  the  carbon  dioxide 
eliminated  and  the  heat  produced  is  also  of  value  in  interpreting  the  nature 
of  the  metabolism.    This  ratio,  vhich  is  expressed  in  terms  of  the  number  of 
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48,8 

68.0 

.71 

10  a.m.         1  p.m. 

384.8 

83.7 

39.1 

88.0 

99.4 

43.5 

57.9 

.78 

1  p.m.        4  p.m. 

MS.S 

90.0 

86.5 

86. 7 

89.0 

48.7 

67.3 

.65 

4  p.m.        7  p.m. 

288.1 

79.8 

98.2 

84.3 

39.7 

43.9 

56.9 

.71 

7  p.m.       10  p.m. 

3T3.9 

84.5 

31.0 

80.4 

81.7 

44.0 

69.8 

.74 

10  p.m.         1a.m. 

333.1 

71.4 

88.3 

74.1 

83.4 

87.7 

50.0 

.70 

1  a.m.        4  ».m. 

389. B 

77.0 

89.4 

78.8 

80.0 

87.8 

54.8 

.09 

4  a.m.        7  s.m. 
Total 

287.1 

M.l 

88.0 

07.1 

88.8 

84.8 

89.8 

.87 

3101.9 

646.1 

80.7 

660.8 

80.9 

*"■■ 

4B8.8 

.78 

grams  of  carbon  dioxide  accompanying  the  prodnction  of  100  calories  of  heat, 
has  been  given  in  column  e.  A  particular  discusBion  of  this,  as  veil  as  other 
quotients,  will  be  found  beyond. 

Rtt^ratory  quotient. — The  relationship  first  recognized  and  studied  was 
that  existing  between  the  carbon  dioxide  eliminated  and  the  oxygen  consumed — 
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the  Bo-called  respiratory  quotient.  This  respiratory  quotient  is  based  upon 
relatiom  of  the  volume  of  these  two  gases,  and  therefore  the  volumes  of  carbon 
dioxide  eliminated  and  oxygen  coueumed  have  been  recorded  in  coIonutB  f  and  g. 
These  are  readily  obtained  from  the  weights  of  carbon  dioxide  and  oxygen  by 
means  of  the  factors  given  in  the  column  headings.  The  respiratory  quotient 
is  the  ratio  between  them,  as  expressed  in  the  last  colunm.  Numerous  incidental 
erroTB  affect  at  times  very  noticeably  the  value  of  the  respiratory  quotient  for 
the  different  periods.  These  errors  have  be^i  discussed  in  detail  elsewhere." 
For  the  24  hours,  however,  the  respiratory  quotients  are  probably  not  far  from 
correct  These  values  range  from  0.78  on  the  first  day  of  the  experiment  to 
0.73  on  the  last  day. 
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Metabolism  Experiment  No.  68. 

This  experiment,  which  laeted  two  days,  followed  immediately  a  seriee  of 
experiments  covering  11  consecutiTe  days,  made  with  ttie  same  subject  inside 
the  respiration  calorimeter.    The  previouB  series  has  been  reported  elsewhere." 

While  in  the  majori^  of  the  faetiog  experiments  here  reported,  accurate 
knowledge  of  the  metabolic  activity  before  the  fast  was  not  available,  in  this 
instance  the  metabolism  for  severs!  days  before  the  fasting  period  was  accurately 
measored. 

Three  series  of  experiments  preceded  the  fasting  period.  The  first  was  a 
3^y  experiment,  during  which  the  sabject  was  engaged  in  hard  mnscnlar 
labor  riding  a  bicycle  ergomcter"  for  6  hours  each  day  and  received  a  diet 
famishing  about  100  grams  of  protein  and  4630  calories  of  energy  per  day. 
The  diet  during  this  period  consisted  in  large  part  of  carbohydrates.  The 
second  was  also  a  work  experiment  of  3  days'  duration,  during  which  a  diet 
containing  approximately  the  same  amount  of  nitrogen  as  the  preceding,  but 
with  slightly  increased  energy,  averaging  not  far  from  1760  calories  per  day, 
was  given.  During  this  experiment  the  diet  consisted  in  large  part  of  fat, 
chiefly  in  the  form  of  cream.  The  third  series  consisted  of  4  experiments, 
beginning  with  a  1-day  experiment,  during  which  a  diet  containing  19.11  grams 
of  nitrogen  and  5393  calories  of  energy,  chiefly  in  the  form  of  cream,  was 
provided.  On  this  day  the  sabject  did  an  unusual  amount  of  muscular  work 
on  the  bicycle  ergometer,  riding  until  far  into  the  night.  The  severe  work  day 
was  followed  by  a  rest  experiment  of  1  day,  during  which  the  subject  spent  the 
most  of  his  time  in  bed,  recuperating  from  the  excessive  work  of  the  preceding 
day.  The  diet  contained  16.4  grams  of  nitrogen  and  2369  calorics  of  raiergy. 
I>uring  the  next  experiment,  which  was  also  of  1  day's  duration,  the  subject 
prepared  the  ergometer  and  removed  clothing  for  riding,  but  immediately 
dressed  himself  and  did  not  ride,  the  purpose  being  to  determine  the  energy 
required  for  the  extraneous  muscular  work  other  than  that  involved  in  riding 
the  ergometer.  The  diet  for  this  day  furnished  14.11  grams  of  nitrogen  and 
2063  calories  of  energy.  On  each  of  the  two  following  days  the  subject  rode 
the  bicycle  ergometer  for  6  houis.  The  riding  corresponded  to  the  free  leg- 
motion  of  coasting,  since  no  resistance  was  applied  to  cause  the  subject  to  do 
work.  During  these  two  days,  wh'ch  are  of  more  especial  interest  in  considering 
the  subsequent  fasting  period,  the  diet  supplied  about  11  grams  of  nitrogen 

"  U.  S.  Dept.  Agriculture,  Office  of  Bzp.  Sta.  Bui.  175. 

'*The  bicycle  ergometer  Is  an  apparatus  for  measuring  accurately  the  external 
muscular  work  of  riding.  It  is  practically  a  stationary  bicycle.  For  a  description, 
see  Carnegie  Institution  of  Wublngton  Publication  No.  42,  p.  184. 
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and  2100  calories  of  energy.  The  diet  was  extremely  simple,  consisting  of 
crackera,  sugar,  and  milk.  Tbe  details  of  the  preceding  experiments  are 
given  in  another  publication.** 

The  subject  had  imdonbtedly  become  thoroagbly  accastomed  to  life  inside 
the  respiration  calorimeter  and  to  the  daily  routine  daring  the  previous  11 
days,  conseqnently  the  fasting  experiment  was  made  onder  conditions  ideal 
for  obtaining  minimnTii  moBcolar  activity.  No  prescribed  program  was  insisted 
opon.  He  was  provided  with  reading  and  writing  materials  and  every  care  was 
taken  to  make  him  as  comfortable  as  possible. 

The  dotfaing  worn  by  the  subject  was  essentially  the  same  ss  that  worn  by 
all  others,  namely,  onion  suit,  stockings,  tronsere,  sweater  or  coat  as  desired, 
and  slippers  or  mbber-eoled  sboee. 

A.  L.  L.  was  a  stndait  in  the  oniversity.  In  temperament  he  was  rather 
phlegmatic  and  slow  in  speech  and  movement.  His  physical  strength  was  above 
tbe  ordinary.  The  records  of  his  body  measnrementf  are  given  below.  From 
the  date  of  the  anthropometric  records,  it  will  be  seen  that  these  measarementa 
were  taken  six  months  prior  to  the  date  of  tbe  experiment 


MeaitTementt  of  A..  L.  L.—Date,  Oct.  24,  190S.    Age  tt  year*.  8  montJu. 

Weight    kUograma . .  73.S 

Height    centimeters. .  166.3 

Length  of — 

Sternum   do 138.9 

Navel  do....  101 

Pubis   do....  88.4 

SitUng     do 90.2 

Knees     do. . . .  44.1 

Shoulders,  elbow do....  37.6 

Elbow  to  tip    do 45.3 

Ann  reach    do....  176.9 

Right  foot    do 26.8 

Left  foot  do 26.7 

Olrth  of— 

Head    do 67.1 

Neck     do 37 

Cheet— 

Depressed   do....  93.5 

Inflated    do 102 

Normal    do 99.8 

At  9tb  rib,  toll do. . . .  94.6 

At  9th  rib,  depressed. .do 93.4 

Waist   do 81.3 

Hips   do....  97.7 

Right  biceps    do 33.6 

Left  biceps     do....  33.5 

Right  arm    do 30.2 


Girth  of— 

Left  arm    

..cenUmeters. 

do... 

do... 

24.9 

Left  forewm   .. 

do... 

Right  wrist    . . . 

do... 

17.8 

Uf  t  wrist    .... 

do. . . 

Right  tblgh    . . . 

do... 

56.6 

Left  thigh    .... 

do... 

E< 

RlEbt  knee     . . . 

do... 

87.8 

Left  knee   

do... 

38.S 

Right  calf    

do... 

36.9 

Left  calf  

do... 

86.7 

RUAt  Instep    . . 

do... 

26.9 

Left  instep    ... 

do... 

26.6 

Breadth  of— 

Head    

do... 

16.1 

Neck     

do... 

11.4 

Shoulders    

do... 

43.8 

Chest    

do... 

2S.8 

Hips   

do... 

83.9 

Depth  of— 
Chest    .... 
Abdomen 


"U.  S.  Dept  AgTieulture,  Offlce  of  Bzp.  Sta.  Bui.  176. 
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The  f  oUowisg  notes  from  the  diary  of  the  subject  are  of  especial  interest  as  an 
index  of  his  physical  state : 

Vote*  from  Man/. 

April  27, 1M4.  Took  a  lampblack  capanle  this  momins  and  drank  a  little  water. 
The  day  passed  quite  qnlcklr  because  of  Intfirestlng  reading  matter.  Felt  a  little 
craving  tor  food  in  the  evening  and  some  ireaknesa.  Retired  and  slept  irell,  waking 
a  little  before  7  a.  m. 

April  28, 1904.  Felt  a  definite  craving  tor  food  abont  breakfast  time,  bnt  It  soon 
passed  away.  Felt  weak  and  Utelees;  belched  considerable  wind.  About  bedtime 
I  felt  unusuallr  weak.  This  was  particularly  noticeable  because  I  had  not  been 
moving  around  for  some  time.  After  lylDg  down  I  didn't  feel  very  hungry  and 
so<m  went  to  sleep.    Was  wakeful  and  reatlws  during  the  latter  part  of  the  night. 

Boutiae. — Since  it  interferes  materially  with  fasting  subjects  to  insist  upon 
a  prescribed  lontine,  the  subject  of  this  experiment  was  only  cautioned  to 
minimize  bo  far  as  possible  the  muscular  movements.  His  experience  of  the  11 
preceding  days  aided  materially  in  securing  uniform  experimental  conditions 
during  the  fasting  period.  The  experimratal  day  began  as  Qsoal  at  7  o'clock 
in  the  morning  and,  since  the  last  meal  was  taken  at  6  o'clock  tho  night  before, 
there  had  been  a  fast  of  13  hours  before  the  experiment  proper  b^^an. 

Body  movementt. — The  usual  movements  incidental  to  drinking  water,  taking 
pulse,  caring  for  excreta,  opening  and  closing  the  food  aperture,  etc.,  were 
unavoidable.  Although  the  subject  attempted  to  secure  uniform  bodily  activity 
on  the  two  days  of  the  experimoit,  an  inspection  of  the  record  of  body  move- 
ments will  show  that  this  was  extremely  difficult.  The  major  body  movements 
obtained  by  the  physical  observer  and  reported  in  the  diary  of  the  subject  are 
given  herewith. 

MoveiMnU  of  tuJ>feet.— Duration,  two  day«,  front  Apr.  tt7,  7  a.  m.,  to  Apr.  t9, 
7  0.  m.,  1904. 


AprU  n. 

A.M. 

F.  M. 

A.H. 

8»  so- 

telephone. 

8»82- 

telephone. 

7»00- 

rise. 

ft  IS 

telephone. 

8  66 

telephone. 

7  02 

weigh  self. 

9  64 

telephone. 

4  00 

telephone,  food  ap- 

7  04 

weigh  clothes. 

10  02 

food  aperture. 

erture,      nndreaa. 

7  06 

weigh  absorbers. 

10  16 

telephone. 

take  temperature. 

7  10 

urhiateL 

10   20 

food  aperture. 

4  04 

prepare  ergometer. 

7   12 

take  temperature. 

10  24 

undress,      prepare 

monnt    and    dls- 

7  20 

dress. 

ergometer. 

monnt,  dress,  sit 

7   24 

ait. 

10   28 

monnt  ergometer. 

4  20 

read. 

7  28 

food  aperture. 

10  30 

dismount,  dress. 

B   12 

telephone. 

7  32 

Bit 

sit. 

6  14 

read. 

7  40 

food  aperture. 

11  48 

telephone. 

6  36 

andreea. 

8  16 

move    about,    pre- 

P.M. 

6  42 

dress. 

pare    ergometer/ 

12»0B- 

food  aperture. 

6  46 

sit,  read. 

undreas.- 

12  06 

telephone. 

6  06 

telephone. 

8  18 

mount  ergometer. 

1  00 

urinate. 

6  08 

food  aperture. 

8  20 

dlamount,  dreas. 

8  00 

read. 

6   10 

sit,  read. 

8  80 

alt 

8  30 

food  aperture- 

7  02 

food  aperture. 

>  Plaoei  the  blorole  eraonieteT  In  tbe  position  In  wlilob  It  ti  nanaUr  rl 
iBeoordof  ■■iiDdTeM''^dui1ii(tb«da;liiiUoate  tbat  tromanmndawe 
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Mowmetttt  of  twb/ed.— Continued. 


J 

Lprll  27  (cont) 

A.M. 

M. 

F.  H. 

7^44- 

telephone. 

1»6B- 

monnt 

7»03- 

nrln&te. 

7   B4 

food  aperture. 

64 

dlemount,  dreaa. 

7  04 

telephone. 

8  20 

more    about,    un- 

S6 

■It.  read. 

7  06 

food  apertnra. 

dreea,  prepare  er- 

32 

food  aperture. 

7  08 

take  temperature. 

gometer. 

00 

rise,  undreos,  taka 

7  10 

food  apmrtore. 

8   24 

mount. 

temperature. 

7  12 

read. 

8   SO 

dismount,  dreea. 

04 

food  aperture. 

7  32 

telephone. 

8  36 

Bit.  read. 

06 

prepare  ergometer, 

7  44 

read. 

10  06 

take     temperature. 

monnt. 

10  00 

take  temperature. 

telephone. 

08 

dismount,    dress. 

10  GS 

open  bed,  ondresa. 

10  08 

food  aperture. 

■It 

10  H 

urinate. 

10  10 

alt,  read. 

10 

read. 

11   00 

retire. 

10  16 

food  aperture. 

32 

telephone. 

10  24 

prepare  ergometer. 

28 

rlee,  undreos. 

April  ea. 

mount. 

30 

dreaa,  read. 

A.1I. 

10  28 

dismount,  dress. 

02 

rise,  food  aperture. 

7»00-  rtae. 

10  80 

alt,  read. 

OS 

telephone. 

7  04 

weigh  aeU. 

10  36 

telephone. 

28 

food  aperture. 

7  06 

11   10 

telephone. 

00 

take  temperature. 

7  08 

weigh  ataorbera. 

P.M. 

02 

urinate. 

7  10 

urinate. 

1»02- 

urinate. 

48 

rise. 

7   14 

take  temperature. 

1  04 

food  aperture,  take 

50 

sit,  read. 

7  16 

Bit 

temperature. 

02 

read. 

7  20 

rise,  dreas. 

1   10 

Bit.  read. 

04 

take  temperature. 

7  22 

read. 

1   44 

collect  drip.' 

08 

read. 

7   26 

food  aperture. 

1   60 

undreBfl,      prepare 

E2 

coUect  drip. 

7  82 

■It,  read. 

00 

reUre. 

Table  il.— Record  of  water  connmeO—MetabolUin  experiment  No.  68. 


Dete. 

Period  dorlnt  wW^  water  vai 

Total 
fordaj. 

TtolOa.n. 

10  a.  n.  to 

lp.ID. 

lto4p.m. 

ItM. 

Apr.  87-38 

Apr.  98-» 

•T?f:, 

OroeM. 
9m!o 

"IS:. 

616.  S 

Drinking-ioaier. — ^Water  for  drinking^  purpoeee  was  famished  ad  libitum. 
In  order  to  compute  the  heat  production,  the  quantity  of  water  consumed  during 
each  period  of  the  day  (when  the  record  of  body  movementa  indicated  that 
water  was  drunt)  was  estimated  by  methods  similar  to  those  followed  in 
experiment  No.  69.  Data  for  making  this  apportionment  were  rather  more 
complete  in  this  experiment  than  in  the  previous  one.  All  water  was  cooled 
and  its  temperature  taken  before  it  was  received  by  the  subject.  This  is  true 
also  of  all  the  experiments  following.  The  amounts  obtained  by  means  of  these 
estimates  are  recorded  in  table  31. 

From  table  21  it  appears  that  the  quantity  of  water  drunk  on  the  second  day 
of  the  experiment  was  much  larger  than  that  consumed  on  the  first  day ;  in 
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fact  more  than  twice  as  lai^.  FartiiermoTe,  all  the  vater  was  congumed  before 
4  p.  m.,  which  was  annmal  in  these  expenmentB.  The  qnantitj  of  water  cod- 
emned  bj  A.  L.  L.  was  conaiderably  leaa  than  that  dnmk  by  the  subject  of 
ezperiment  No.  59. 

Usmx. 

In  this  ezperiment  the  urine  was  collected  in  four  periods,  from  7  a.  m.  to 

1  p.  m.,  1  to  ?  p.  m.,  7  to  11  p.  m.,  and  11  p.  m.  to  7  a.  m.   This  vaa  done  in  the 

hope  that  the  analysis  of  the  urine  for  different  periods  would  throw  some  light 

upon  the  rate  of  elimination  of  different  ingredients  in  the  urine ;  for  while 


Tabu  St.— IM«rmfnoHoiU 

(Md  per  day— VMafeoHm 

Data. 

Period. 

Ajnouat. 

gtt-ntr. 

(0  +  6). 

lUMtlOD. 

goo. 

Apr.  37-aB. 
Apr.  a8-». 

7  ».m.  to    1  p.m. 
1p.m.        7  p.m. 
7p.m.      11p.m. 
11p.m.         7».m. 

SM.fl 
ITfl.l 
8*7.5 

1.0100 

i.oaao 
i.oais 

1.0980 

'asa 
asa 

ISB 
SH 

Faintly  acid.. 
&Ugbtl;acld.. 
do 

Oramt. 

s.sa 

8. SI 

a. 08 

S.V8 

1001.7 
1001.7 

1.0B30 

979 
B79 

ia.a« 

13.88 

Total   b;   com- 
po*IU 

7*.m.to   1p.m. 
1  p.m.        7  p.m. 
7  p.m.       11p.m. 
11  p.m.        7  a.m. 

....do 

aai.B 
ass.  I 

}  ■»■' 

i.oaas 
i.oato 

1.0S70 

ai7 

S17 
888 

8.08 
8.47 
<.48 

....do 

....do 

S48.8 
B1S.B 

i.oatfi 

sas 
sas 

13.08 
IS.  OS 

Total  bj  com- 
poilt« 

TotaKoradayi. 

Total  bf  compo- 
aitaforSdaj*- 

184$. 6 
184fi.fi 

1.08BB 

1801 
1801 

35. as 

8S.M 

the  collections  were  made  more  frequently  in  experiment  No.  59,  with  the 
increased  demands  upon  the  time  of  the  assistants,  the  analysis  of  urine  for 
short  periods  had  been  impossible.  The  amounts  of  urine  and  the  specific 
gravity,  volume,  reaction,  and  nitrogen,  determined  not  only  by  periods  but 
also  in  the  composite  sample,  are  given  in  table  S3. 

In  addition  to  tiie  data  given  in  table  32,  there  were  determined  on  the 
daily  composite  samples  the  heat  of  combustion  and  on  the  composite  for  the 
two  days  the  heat  of  combustiou,  the  water-free  material,  the  carbon,  the 
hydrogen  of  organic  matter,  and  the  ash.  The  heat  of  combustion  per  gram 
for  the  urine  for  April  27-28  was  0.092  calorie.  For  April  28-29  it  was  0.117 
calorie.  The  2-day  composite  sample  gave  94,94  per  cent  of  water,  1,09  per  cent 
of  carbon,  0.26  per  cent  of  organic  hydrogen,  and  1,22  per  cent  of  ash. 
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Weight  and  eompoaition  of  vrine. — The  total  weights  of  material  excreted 
in  the  urine  are  given  in  table  S3.  These  include  the  total  weight  of  urine,  the 
weight  of  water,  solids,  ash,  organic  matter,  nitrogen,  carbon,  hydrogen  in 
organic  matter,  and  oxygen  in  organic  matter.  The  heat  of  combustion  is 
also  given. 

As  in  experiment  No.  69,  the  determinationB  of  c^bon  and  o^anic  hydrogen 
were  made  only  on  the  2-day  composite,  and  hence  it  was  necessary  to  apportion 
the  total  amounts  of  carbon  and  organic  hydrogen  eliminated  according  to  the 
amount  of  nitrogen  eliminated  on  tJie  two  days.  In  apportioning  the  amoonts 
of  water  and  ash,  which  were  also  determined  only  in  the  S-day  composite,  the 


CoiwUtaeiiU. 


Apr.  fl-tS.      Apr. 


la)  Weight grams. 

(6)  Watflr do . . 

(e)  SoIIda,  a—b do.. 

td)  Alb ' do . . 

{<)  Organic  matter,  «—  d do.. 

(/)  Nitrogen do.. 

(g)  Ctrbon do.. 

(A)  Hydrogen  In  organic  matter do. . 

(I)  Ozygan  (bj  difference)  In  organle  mat- 
ter, *-  If+ff  +  h) do.. 

(J)  Heat  of  combnetlon calorie*.. 


1001.7 
VSS.4 
45. S 
10.  VI 
U.S» 
18.30 
O.TS 

a.ai 

10.  IS 


84S.e 
796.7 
48.1 
11.6 
8S.00 
18. OS 
10.87 
S.8S 

10.79 


1M5.B 
17SS.1 
n5.4 
83.51 
T0.e» 
S6.9« 
90.13 


same  processes  were  followed  as  those  described  in  experiment  No.  59.  The 
amounts  of  ash  and  water  for  the  individual  days  are  affected  by  the  errors  in 
the  apportionment  of  the  total  solids. 

BLDOKATniiT  or  Watb-Vapob. 

The  amount  of  water  withdrawn  from  the  respiration  chamber  by  the  venti- 
lating air-current  varies  from  period  to  period  and  depends  in  large  measure 
upon  the  absolute  amount  of  water  remaining  in  the  chamber  at  the  end  of  each 
period  and  upon  the  rate  of  ventilation.  Since  as  was  explained  in  discussing 
experiment  No.  59  (see  page  30)  the  relative  humidity  for  each  period  may  be 
readily  computed,  in  table  34  are  recorded  only  the  totel  amount  of  water- 
vapor  in  the  atmosphere  of  the  calorimeter  at  the  end  of  each  period  and  the 
total  water  of  respiration  and  perspiration. 

On  the  two  days  the  amount  of  water  lost  in  respiration  and  perspiration  was 
essentially  the  same,  there  being  745.3  grams  on  ^e  first  day  and  760.7  grams 
on  the  second. 
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While  in  experiment  No.  69  there  vss  no  recorded  change  due  to  loss  or  gain 
of  water  in  the  weight  of  the  heat-absorbers,  chair,  bedding,  and  other  articles 
inside  the  chamber,  in  this  experiment  there  was  a  loss  of  47  grams  of  water  on 
the  first  day  and  a  gain  of  SI  grams  on  the  second  day.  The  correct  apportion- 
ment of  this  gain  or  loss  of  water  by  individual  periods  is  impracticable,  since 
the  weights  are  taken  only  once  each  day.  It  has  therefore  been  onr  custom  to 
inspect  the  hygrometric  conditions  in  the  chamber  at  the  end  of  each  period, 
and  thus  ascertain  whether  there  was  a  continuous  drying  oat  process  or  a 
condmsation  and  absorption  of  moisture  from  the  air.  An  inspection  of  the 
figures  in  column  a  in  table  S4  shows  that  the  water  in  the  respiration  chamber 


So. 

88. 

Date  knd  period. 

"sr 

IMta  and  period. 

"E?- 

tlon.' 

UOi. 

Apr.  aS-8S : 

PraUmlnuT,  7  •.m. . . . 

44.S 

7a.in.  to  10».in 

Apr.  27-28: 

10a.m.         lp.m 

S>.4 

91.8 

7».m.  tolO».m 

48.4 

10S.8 

1p.m.         4p.m 

88.9 

94.6 

IDft.m.        ip.m 

49.4 

96.8 

88.8 

gs.s 

93.8 

7p.m.       lOp.m 

88.5 

ei.8 

4p.m.        7p.m 

VS.  3 

10  p.m.         1  a.m 

88.6 

91. S 

7p.m.       10p.m 

»0.2 

1  a-m.         4a.m 

48.7 

98. 0 

10p.m.        1  t.m 

94.4 

4t.m.          7*.m 

4B.1 

OB. 6 

4m.m.         7..m 

88  .B 

84 .7 

760.7 

745.3 

■mHir  lOH  or  ffalDed  b7  the  ohalr,  beddlng.a 
nvramaloat;  April  ZS^tl.OOKrami  BalDed. 
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gradually  diminished  during  the  first  34  hours.  This  indicates  that  the  drying 
out  process  was  continual,  hence  the  4?  grams  of  water  lost  from  the  absorbers, 
bedding,  and  other  articles  was  apportioned  throughout  the  eight  experimental 
periods  at  the  rate  of  5.88  grams  per  period. 

A  consideration  of  the  moisture  conditions  inside  tbe  chamber  during  the 
second  day,  on  the  other  hand,  shows  that  during  the  period  from  1  to  4  a.  m. 
there  was  a  marked  change  in  the  water  content  and  hence  it  is  assumed  that 
the  21  grams  gained  by  the  absorbers,  bedding,  etc.,  was  gained  during  the 
last  two  periods  of  the  day.  Hence  one-half  of  the  total  gain  was  apportioned 
to  each  period.  Fortonately  in  this  experiment  the  data  for  the  fluctuations 
in  hygrometric  conditions  indicate  quite  clearly  during  which  periods  the 
gain  occurred  on  the  second  day.    Where  the  exact  change  in  relative  humidity 
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IB  not  marked  it  Ib  obvioiiB  that  by  this  method  of  apportionmeDt  there  may  be, 
for  example,  an  apparent  loss  of  water  from  the  abacrben,  bed,  bedding,  and 
miscellaneonH  articles  dnriog  the  last  period  of  one  day  of  an  experiment  and  a 
gain  by  the  same  articlee  in  tlie  neit  period,  i.  e.,  the  first  period  of  the  next 
experimental  day.  Until  a  more  perfect  method  ia  devised  for  weighing  all 
the  orticlea  in  the  chamber  at  the  end  of  each  period,  thia  ia  the  only  method 
available  for  apportioning  the  24-honr  gain  or  loss  among  the  different  periods. 
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dioxide. 

Oiran. 

U) 

(t) 

(t) 

li) 

DM*. 

p«iod. 

AmouDt  b 

Toiki 

Am^tlD 

T^ 

ehuDber 
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p»iod. 

brtubjMt. 

'Uiod. 

br^:^ 

lOCM. 
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Ormmt. 

Lii«,. 

Onm,. 

Apr.  27 

Apr.  27-28. . . 

Preliminaiy:  7  a.m.. 
7  a.  m.  to  10  a.m.. 

43.7 

913.6 

44.5 

no.  I 

909.7 

101.1 

10  a.m.         1p.m.. 

62. £ 

89.3 

906.7 

76.6 

1  p.  m.         4  p.  ta.. 

39.0 

90.3 

004.8 

82.3 

4  p.m.         7  p.m.. 

66.3 

93.7 

898.0 

89.8 

7  p.  m.       10  p.  m.. 

39.5 

90.2 

906.9 

84.8 

10  p.  m.         1  a.  m.. 

62.0 

81.4 

892.3 

74.9 

1a.m.         4  a.m.. 

31.3 

67.7 

897.9 

65.8 

Apr.  28-29. . . 

4  a.  m.         7  a.  m.. 

Total 

7  a.  m.  to  10  a.  m.. 

61.4 

71.6 

888.0 

64.8 

694.3 

640.0 

40.5 

98.9 

924.1 

99.4 

10  a.  m.         1  p.  m.. 

38.5 

90.2 

914.1 

83.8 

1  p.  m.         4  p.m.. 

30.2 

88.7 

903.0 

83.7 

4  p.m.         7  p.m.. 

35.5 

92.4 

SOS.l 

86.2 

7  p.m.       10  p.m.. 

36.8 

87.7 

896.4 

81.6 

10  p.  m.         1  a.  m.. 

31.6 

80.4 

896.0 

71.8 

1  a.  m.         4  a.  m. . 

35.4 

70.0 

882. 7 

69.0 

4  a.m.         7  a.m.. 
Total 

39.3 

71.0 

869.5 

67.1 

679.3 

642.6 

BuMaA-Ttoji  <m  CuBoir  Dioxns  aud  ABSOBmoif  or  OxroKir. 
The  elimination  of  cariion  dioxide  and  the  absorption  of  oxygen  were  meas* 
ured  in  all  the  experiments  reported  in  this  publication.  Though  the  data  were 
given  in  detail  for  experiment  No.  fi9  and  a  separate  table  was  devoted  to  each, 
in  this  and  subsequent  experiments  it  will  suffice  to  give  only  the  amounts  of 
oxygen  and  carbon  dioxide  in  the  chamber  at  the  end  of  each  period  and  the 
total  amounts  respired  by  the  subject.  Given  these  data,  the  proportions  of 
carbon  dioxide  and  oxygen  in  t)ie  air  at  any  given  period  of  the  day  may  be 
readily  computed  by  the  method  explained  on  page  33.  The  eonditions  affecting 
the  fluctuations  in  the  amount  of  oxygen  in  the  chamber  have  been  discussed 
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pTerionely.  The;  depend  in  large  measare  upon  the  barometric  conditionB  and 
the  temperature,  as  well  as  the  quantity  of  nitrogen  admitted  with  the  oxygen. 
Sufficient  experimental  evidence  haa  accnmulated,  however,  to  show  that  at  least 
under  the  conditions  obtained  in  these  experiments  no  noticeable  effect  on  the 
respiratory  exchange  can  be  attributed  to  relatively  marked  changes  in  per- 
centages of  either  carbon  dioxide  or  oxygen  in  the  residual  air. 

The  quantity  of  carbon  dioxide  exhaled  on  the  first  day,  i.  e.,  694.3  grams, 
is  somewhat  larger  than  that  on  the  second  day,  679.3  grams.  The  quantities 
of  oxygen  consumed  were  practically  identical  for  the  two  days. 

Tabix  2S.—EJemenU  katabonaea  in  body— Vtftabolftm  experiiMnt  Ho.  «8. 
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Cubon. 

Alb. 
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Inoome:  O^vgen  from  air 

Out«o: 

<7r«iu. 
639.99 
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Oramt. 
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1:^9 

(hWH. 
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694.38 
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189 !37 

107.02 
2.23 
83.40 

849.38 
10.15 
661.91 
506.01 

t6!9i 

Water  of  rMpirAtioa' 

2441.39 
1801. « 

12.26 
12.26 

199.12 
199.12 

192.66 
192.66 

2026.45 
1386.46 

10.91 
10.91 

LOM 

Stamd  day,  April  «5, 1904- 

Income:  O^gen from  ur 

Outoo: 

642. S7 

.... 

642.57 

795.70 
48.10 
760.74 
679.25 

13^63 

l6!37 
18fi!24 

89.04 
2.38 
85.13 

.... 

706.66 
10.72 
675.61 
494.01 

li^W 

nnlM.  in  »rin. 

Total 

2283.79 
1641.22 

13.03 
13.03 

195.61 
196.61 

176.65 
176.55 

1887.00 
1244.43 

ll.flO 
11.00 

■  IndadM  kilo  water  ot  penpInUon. 
Uaizbul  Katabouzkd  hi  tki  Boor. 
The  losses  of  elements  in  the  body  are  obtained  from  chemical  analyses  ot 
the  nrine  and  air.  In  table  26  are  recorded  the  factors  of  income  and  outgo 
expressed  in  terms  of  chemical  elements,  the  ash  here  being  treated  as  an 
element.  The  data  are  drawn  from  the  preceding  tables,  and  are  used  as 
explained  on  page  37.  The  balance  shows  that  on  the  first  day  there  was  a  loss 
in  total  weight  of  1801.40  grams,  which  consisted  of  12.26  grams  of  nitrogen, 
199.13  grams  of  carbon,  192.65  grams  of  hydrogen,  1386.46  grams  of  oxygen, 
and  10.91  grams  of  ash.  Similarly  on  the  second  day,  the  outgo  is  greater 
than  the  income  by  1641.22  grams,  consisting  of  13.03  grams  of  nitrogen, 
196.61  grams  of  carbon,  176.55  grams  of  hydrogen,  1244.43  grams  of  oxygen. 
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and  11.60  grains  of  ash.    No  feces  were  passed  dnring  the  time  of  this  experi- 
ment, nor  were  any  fastisg  feces  obtainable. 

ElemenU  and  materiaU  hatdbolized  in  the  body. — From  the  data  tabulated 
in  table  26,  b;  means  of  the  formolse  on  page  38,  the  amounts  of  body  materials 
katabolized  are  obtained.  They  are  recorded,  together  with  the  amonnts  of  loea 
of  the  several  elements,  in  table  27. 
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S6.39 
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aC80.89 

8779.82 

161.7* 

m.™ 

1BB.18 

SS.Bl 

■Beep.M. 

Table  27  indicates  that  on  the  first  day  the  elements  lost  resulted  from  the 
fcatabolism  of  73.06  grama  of  protein,  146.13  grams  of  fat,  and  11S.54  grama 
of  carbohydrates  considered  as  glycogen.  On  the  second  day  there  were  kata- 
bolized  78.18  grams  of  protein,  160.S7  grams  of  fat,  and  72.64  grama  of 


Wo.  «8. 

Date. 

OutflD  from  the  body. 

BaluHW  of  prefOTBed  inter. 

<K3). 

Wkter 

"ST 

tlOD. 

(e) 

Omtabo- 
Uied) 

water  In 
outco. 

Intake 

LOMOl 

GrVM. 
9H.4 
79B.7 

Ormn*. 
746.8 
780.7 

1701.7 
loss. 4 

OfWM. 

1400.4 
1819.4 

SIS. 9 

1198.0 
708.9 

987.0 

Total  JorBd»yt... 

1769.1 
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S8S8.t 

lent.i 

277B.8 
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884.6 
449.8 

1896.9 
947.8 
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carbohydrates.  There  was  a  marked  falling  ofi  in  the  qoantity  of  carbohydratee 
katabolized  on  the  second  day,  a  slight  increase  in  the  amount  of  protein 
katabolized  and  an  increased  fat  kataboltem  amonnting  to  15  grame.  The 
rapid  diminution  in  the  quantity  of  carbohydrates  katabolized  is  in  accordance 
with  the  view  that  fasting  results  in  the  rapid  depletion  of  the  store  of  carbo- 
hydratee in  the  body. 
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Balancs  of  wattr. — ^The  ontgo  of  water  may  be  considered  as  of  two  kindo, 
piefonned  water  and  water  remlting  from  the  oxidation  of  organic  hydrogen. 
UakiDg  due  allowance  for  the  drinking-water,  the  quantities  of  preformed 
water  actually  lost  from  tlie  body  tissnes  and  fluids  are  given  in  column  / 
of  table  38.  The  water  resolting  from  tfae  oxidation  of  the  organic  hydrogen 
in  the  protein,  fata,  and  carbohydrates  katabollzed,  is  given  in  column  g 
at  the  same  taUe. 

CBAxaEa  nr  Bovt-Wxisht  Cohpajub)  with  Balutci  or  Ikoou  ahs  Ouno. 

Knowing  the  factors  of  the  income  and  the  outgo,  it  should  be  possible  to 
compate  accorately  the  (jianges  in  body-weight,  and  coDversely  an  acconto 
measure  of  the  changes  of  body-weight  should  serre  as  a  check  npon  the 
accuracy  of  the  determinations  involved  in  striking  a  balance  between  income 
and  outgo.  As  a  remit  of  much  preliminary  experimenting,  an  app&ratns  was 
devised  by  which  the  subject  could  be  seated  in  a  suspended  chair  inside  the 
chamber  and  his  weight  be  recorded  on  a  scale  beam  outside  the  calorimeter 
chamber.  This  apparatns,  which  is  described  in  detail  elsewhere  "  has  proved 
mcae  accniate  than  the  ordinary  platform  scale  formerly  in  nse.  This  vreigh- 
ing  apparatus  was  first  put  to  practical  use  in  the  series  of  experiments  which 
immediately  preceded  metabdism  expmment  No.  68. 

In  the  series  of  experiments  here  reported,  the  subjects  were  weighed  each 
morning  at  a  few  minutes  after  7  a.  m.,  though  the  time  of  weighing  and  the 
time  c(Hi8umed  in  the  process  was  not  the  same  from  day  to  day.  While  all 
the  subjects  nrinated  after  7  a.  m.  each  morning,  some  of  the  subjects  urinated 
before  weighing,  and  hence  it  seemed  desirable  to  refer  all  body-weights 
to  exactly  7  a.  m.,  not  only  to  make  them  more  nearly  comparable  but  because 
the  body-weights  at  exactly  tiiis  hour  are  necessary  in  making  the  correction 
for  gain  or  loss  of  energy  due  to  changes  in  body-weight  In  order,  therefore, 
to  refer  these  weights  to  7  a.  m.  it  became  necessary  to  add  to  the  body-weight, 
as  found  by  the  platform  scale,  the  weight  of  the  urine  passed  after  7  a.  m.  in 
case  the  subject  nrinated  before  he  was  weighed.  In  cases  where  the  subject 
was  weighed  immediately  after  7  a.  m.  and  before  urinating,  the  weight  as 
found  on  the  platform  scale  was  taken  as  the  weight  at  7  a.  m.  In  experiment 
No.  68  the  subject  urinated  before  weighing. 

In  table  89  and  corresponding  tables  in  subsequent  experiments,  it  will  be 
found  that  there  are  alight  discrepancies  between  the  gain  or  lose  of  body 
material  as  estimated  and  the  gain  or  loss  of  body-weight  as  found  by  the  scale. 
These  discrepancies  are  probably  due  to  a  large  number  of  difBculties  which 
arose  from  the  fact  that  the  subjects  were  not  weighed  each  morning  with 
exactly  the  same  articles  of  clothing,  etc.,  on  their  persons.    It  also  happened 
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that  on  aome  monungs  subjects  Tore  the  rectal  thermometeT  wUIe  on  others 
the;  did  not.  For  these  and  similar  reasons  it  has  heen  a  matter  of  a  ccnuider- 
able  amount  of  computation  to  obtain  from  the  flactoati<His  in  weight  as  shown 
by  the  scale  the  true  fluctuatitHis  in  weight  of  the  body  of  the  anhject. 

The  comparison  for  experiment  No.  6S  of  the  balance  of  income  and  outgo 
and  the  flnctnations  in  weight  as  shown  by  the  scale  are  giren  in  table  S9. 

The  intake  of  the  subject  consisted  solely  of  drinking-water  and  oxygen  from 
the  air.  The  outgo  consisted  of  urine,  carbon  dioxide,  and  water  of  respiration 
and  perspiration.  As  has  been  stated  above,  the  subjects  always  urinated  after 
7  a.  m.,  and  hence  in  obtaining  the  balance  of  intake  and  output  from  a  stand- 
point of  weight  the  actual  time  at  which  the  urine  is  passed  must  be  considered 
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rather  than  the  period  to  which  the  urine  physiolc^cally  belongs.  Thus  in 
column  d  of  table  29  the  amount  of  urine — 1S36.4  grams — does  not  correspond 
with  the  amount — 1001.7  grams — shown  in  line  a  of  table  23.  The  figure 
1236.i  grams  is  the  sum  of  the  urine  passed  aa  follows:  April  27,  7  a.  m., 
632.2  grams;  1  p.  m.,  267.6  grams;  7  p.  m.,  364.6  grams;  11  p.  m.,  172.1 
grams.  On  the  other  hand,  the  figure  1001.7  grams  is  obtained  by  the  assump- 
tion commonly  made  in  metabolism  experim^its  that  the  urine  passed  at  the 
end  of  a  given  6-honT  period  belongs  physitdogicaily  to  that  period.  For 
example,  the  urine  passed  ^t  1  p.  m.  represents  the  reenlts  of  kataboUsm  ' 
from  7  a.  m.  to  1  p.  m.,  and  267.5  +  264.6  +  172.1  (see  above)  +  297.6  (the 
number  of  grams  passed  at  7  a.  m.,  April  28)  ^  1001.7  grams,  the  total  urine 
corresponding  to  the  kataboHsm  from  7  a.  m.,  April  27,  to  7  a.  m.,  April  28. 
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CtJnmn  h  ebows  the  gain  or  loee  of  body  material  to  the  body,  as  determined 
from  tlie  data  in  the  preriona  colomn  of  the  table.  Colnmn  t  shows  the  gain 
or  loss  of  body-wei^t  aa  fonnd  by  means  of  the  weighing  apptuntoB.  In  the 
two  daya  of  this  experiment,  there  are  discrepancies  of  considerable  size.  On 
the  first  day  the  error  amounts  to  over  70  grams  and  on  the  second  day  it  is 
about  24  grams.  The  diflKcnlty  of  secnring  oniformity  in  the  clothing  worn, 
handherchief,  contents  of  pockets,  and  other  minor  articles,  espedall;  in  the 
earlier  experiments,  renders  such  a  discrepancy  as  here  appears  not  at  all 
surprising,  if  it  be  understood  that  the  weight  of  the  sabject  when  undressed 
was  obtained  indirectly,  i.  e.,  by  dedncting  from  the  combined  weight  of  the 
subject,  chair,  clothing,  and  bedding,  the  weight  of  the  chair,  clothing,  and 
bedding.  The  records,  though  admittedly  liable  to  considerable  error,  are  here 
given.  Th^  show  that  the  agreement  is  rooghly  approximate  with  the  com- 
puted gain  or  loss  from  the  income  and  outgo.  Subsequent  experiments  show 
this  agreement  much  more  strikingly,  but  up  to  the  present  time  the  greatest 
difficulty  has  been  to  secure  absolute  uniformity  in  the  miscellaneous  articles 
weighed  with  the  man. 

Another  factor  afFecting  this  determination  is  that  of  the  loss  or  gain  of 
moisture  by  furniture  and  articles  in  the  respiration  chamber.  While  it  is 
possible  to  weigh  the  chair,  bedding,  and  other  small  articles  of  furniture,  there 
is  a  material  absorption  by  loss  of  moisture  from  books,  papers,  minor  articles 
of  clothing,  etc.,  and  when  a  relatively  large  number  of  these  articles  are  in 
the  chamber,  the  difficult;  in  secnring  accurate  weighings  is  increased.  A  great 
difference  is  noticed  among  different  subjects  as  regards  the  quantity  of  material 
such  as  hooks,  papers,  etc.,  required  during  the  different  expenm«its. 

Considering  all  the  possible  errors  arising,  it  is  probably  true  that  the 
discrepancies  between  the  actnal  weighings  and  the  computed  gain  or  loss  may 
in  almost  every  instance  be  attributed  to  errors  in  weighing. 
OvnvT  aw  Hut. 

Is  order  to  simplify  the  explanation  of  the  method  of  presenting  the  results 
of  the  heat  measurements,  the  data  were  classified  in  experiment  Ko.  S9  in 
two  tables — one,  the  "  Summary  of  calorimetric  measurements  and  total  beat 
eliminated";  the  other,  "Total  heat  production."  In  this  and  all  subsequent 
experiments,  however,  the  results  are  combined  in  a  single  table.  The  sum- 
mary data  for  soch  compatations  are  given  in  table  30,  in  which  is  recorded 
first,  the  heat  measured  in  terms  of  C^ ;  second,  the  heat  used  in  the  vaporiza- 
tion of  water;  third,  the  sum  of  the  other  heat  correctiOTis  "  referred  to  above, 
and  finally,  the  total  heat  production. 

The  data  for  this  experiment,  corresponding  to  those  of  experiment  No.  59 
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and  recorded  in  coltunns  c,  d,  and  e  of  table  14,  are  not  sIioTn,  bat  the  resulis 
of  these  correctioiu  to  the  heat  eliminated  ere  combined  with  the  correction  due 
to  dianges  of  body  temperature  and  bodj-weig^t  This  latter  correction 
(ohoTD  for  experiment  No.  69  in  column  b  of  table  17)  ia  not  given  separate 
treatment  in  this  and  subsequent  experiments.  The  net  results  of  all  these 
corrections  are  shown  in  column  c  of  table  30. 

The  heat  not  measured  by  the  water-current,  due  to  the  Tsporixation  of 
water,  was  found  in  experiment  No.  59  by  multiplying  the  water  vaporized  by 
0.692.  In  that  experiment  the  figures  given  in  colnmn  /,  table  14,  were 
identical  with  the  figures  given  in  colnmn  e  of  table  6;  that  is,  the  water 


April  n-n,im. 

April  S»-M,UOt. 

(«) 

(t>) 

<e) 

m 

<<» 

ff>) 

(e) 

W 

HMt 

„K 

Totel 

HMt 

HMt 

Sum  of 

b««t 
oomo- 

tlODt.' 

Tot*! 

Xn^sr 

'Kl? 

■rr 

Cio. 

•ntet. 

(a+b+elJ 

w»t«r. 

(o+b+e). 

OaU. 

OaU. 

OaU. 

Oil*. 

Cob. 

OaU. 

CM*. 

Call. 

7  ■.m.  to  10  1.10 

a«.7 

OS. 8 

-48.6 

818.9 

379.6 

69.7 

-49.8 

10  ..m. 

lp.m 

flflS.l 

SO. 8 

-  0.4 

BM.9 

989.8 

U.4 

+   6.4 

800.6 

211.7 

BS.D 

97S.S 

884.8 

SS.9 

+   9.8 

800.8 

*p.m. 

Tp.m 

980.8 

oe.e 

+  18. 0 

808.8 

989.0 

67.9 

+   8.1 

Tp.m. 

inp" 

980. e 

ss.e 

+  10.0 

887 .9 

980.1 

M.8 

-  8.4 

881.0 

ISl.O 

50.8 

+96.0 

9SS.9 

177.4 

B4.8 

+  88.3 

208.8 

1SS.4 

179.8 

61.8 

+   6.7 

B8S.8 

4  a.m. 
ToUl 

TLm 

171.0 

ss.s 

-10. B 

818.8 

187.4 

50.4 

+  18.8 

961.1 

1T00.4 

4S0.D 

-  a.o 

B167.4 

1780.7 

487.9 

+  18.8 

3917.4 

vaporized  and  the  total  water  of  respiration  and  perspiration  were  idoitical. 
This  arose  from  the  fact  that  in  that  experiment  no  correction  was  made 
for  changes  in  moisture  content  of  articles  inside  the  calorimeter,  as  data 
upon  this  snbject  were  lacking.  In  this  experiment,  however,  it  should  be  noted 
that  the  heat  used  in  vaporization  of  water  shown  in  colnmn  b  of  table  30  is 
obtaioed  not  by  multiplying  the  total  water  of  respiration  and  perspiration 
shown  in  colnmn  b  of  table  34  by  0.592,  but  by  applying  this  factor  to  the 
total  amount  of  water  vaporized,  since  the  heat  correctitm  has  to  do  not  with 
water  of  respiration  and  perspiration  but  with  water  actually  vaporized  in  the 
chamber  during  the  period.  So  for  as  the  heat  measurements  are  concerned, 
it  is  immaterial  whether  the  water  be  vaporized  from  the  surface  of  the  man  or 
the  bed-clothing  or  elsewhere  inside  the  chamber.  On  the  other  hand,  a  true 
measnre  of  water  of  respiretion  and  perspiration  from  the  body  of  the  subject 
for  each  period  should  make  due  allowance  for  changes  in  water  content  of  the 
various  articles  in  the  chamber. 
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The  amount  of  water  Taporized  does  not  appear  either  in  table  30  or  in  the 
table  recording  the  data  coneeining  water-vapor,  i.  e.,  table  24,  but  it  may  be 
computed  by  adding  to  the  total  water  of  respiration  and  perspiration  the 
amount  of  water  loet  by  the  chair,  bedding,  and  absorbers,  or  if  these  latter 
gain  wtAer,  by  subtracting  the  amount  gained  from  the  total  water  of  respiration 
and  perepiration. 

The  heat  produced  on  the  two  days  of  this  experiment,  recorded  in  colomn  d, 
is  nearly  the  same,  there  being  an  increase  of  but  50  calories  on  the  second  day 
over  the  first.  The  uniformity  of  the  heat  production  signifies  a  close  approxi- 
mation to  constant  muscular  activity. 

BaziAhcs  or  EnraflT. 

The  total  energy  resulting  from  the  katabolism  of  protein,  fat,  and  glycogen 
on  the  different  days  is  shown  for  this  and  the  following  experiments  in 
exactly  the  same  form  in  table  31  as  for  experiment  No.  69.  Since  the  source 
of  the  figures  was  explained  iu  detail  (see  p.  51),  further  explanation  seems 
unnecessary.  It  may  be  well,  however,  again  to  call  attention  to  the  fact  that 
while  fat  and  glycogen  are  completely  oxidized  in  the  body  and  their  energy 
converted  to  kinetic  enei^,  in  the  case  of  the  protein,  there  ie  an  appreciable 
part  of  the  energy  excreted  in  a  partially  nnoxidized  form,  namely,  in  tiie 
unoxidized  compounds  of  the  urine.  In  order,  therefore,  to  construct  a  complete 
balance  of  the  energy  derived  from  all  sources  with  the  total  heat  production,  it 
is  necessary  to  take  into  consideration  the  potential  energy  of  the  urine. 


D«W. 

(0) 

Ener^  from 
tbaa  output. 

From  body  protein. 

From 

(/) 
Total 

protolo 

(b) 

'as- 

urine. 

Net 

tnsf 

Pro- 
portion 

Apr.  9T-9B. . . . 
Apr.  98~».... 

ToUl,  Sd«;t. 

At.  per  d»j.. 

449 

99 

848 

1683 

804 

8179 

3317 

pot*. 
-88 

Pertt. 

+  0.8 
-1.7 

4SS 

191 
9S 

6«T 
888 

aeiT 

14S9 

776 
888 

4860 
3180 

4S84 
2193 

—84 
—18 

—6.6 

On  the  first  day  of  the  experiment,  the  energy  derived  from  the  different 
sources  is  computed  to  be  14  calories  larger  than  the  total  heat  production, 
a  disagreement  of  -|-0.6  per  cent.  On  the  second  day,  on  the  contrary,  the 
eneigy  derived  from  the  different  sources  is  computed  to  be  38  calories  less 
than  tiie  total  heat  produced,  a  discrepancy  of  — 1.7  per  cent.  The  average 
of  the  two  days  gives  a  discrepancy  of  but  12  calories,  which  is  — 0.5  per  cent 
of  the  total  heat  production. 
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The  oxygen  and  carbon  dioxide  fhermal  quotients  and  the  respirator; 
qnotientB  for  the  different  periodfl  of  the  two  experimental  days  of  experiment 
No.  68  are  giTen  in  table  32. 


<«> 

(») 

«>) 

«) 

c'Son 

cT&l 

vols'™. 

& 

Oirtmi 

Carbon 

dioxide 

ot 

X?^ 

DaMMrfpenod. 

OiTgan 

thermal 

eSSSut 

Uienzul 

°*^f 

oiTW^n 

"ssr 

Humed. 

ass 

•llml- 

S 

Dat«d 

,S^ 

d^St 

(lOOb-^A) 

(MM -Ml 

idXHMH) 

(6X07). 

if+g). 

.        ^-"^ 

Apr.  37: 

Oou. 

OronM. 

Oramt. 

Uteri. 

Lltar*. 

Prallmlurj,  Ta.m.. 

Apr.  27-38! 

7K.m.  tolOa.111.. 

818.9 

101. 1 

83.2 

110.1 

8B.1 

66.0 

70.7 

0.79 

10  a.m.        1p.m.. 

384. 9 

7fl.6 

28.9 

89.8 

81.4 

45.5 

68.6 

,85 

1p.m.        *p.in.. 

87S.8 

89.8 

29.9 

90.3 

89.8 

46,0 

67.6 

.80 

4  p.m.         7  p.m.. 

808.9 

89.8 

39.6 

»8.7 

80.9 

47.7 

68.9 

.76 

7  p.m.      10  p.m.. 

387.  B 

84.8 

29, S 

90.8 

81.3 

45.9 

60.4 

.77 

10  p.m.        li.m.. 

368.9 

74.9 

87,9 

81.4 

80.8 

41.4 

63.4 

.79 

1a.m.        4  a.m.. 

319.0 

fl8.8 

80.0 

67.7 

80.9 

34.5 

40.0 

.78 

4  a.m.        Ta.m.. 
Total 

313.8 

84.8 

SO.S 

71. fl 

88.6 

86.5 

45.4 

.80 

3187,4 

840.0 

29.5 

6S4.8 

88.0 

868.5 

448.0 

.79 

Apr.  38-39: 

7  a.m.  to  10  a.m . . 

2BO.0 

99.4 

84.8 

98.9 

84.1 

SO. 4 

69.6 

.79 

10  a.m.         1p.m.. 

SOO.S 

88.8 

27.9 

90.9 

80.0 

45,9 

68.7 

.78 

Ip.m.         4  p.m.. 

800.8 

88.7 

87.9 

88.7 

89,8 

46.3 

68.6 

.77 

4  p.m.         7  p.m.. 

393.S 

80.3 

39.5 

99.4 

81.6 

47.0 

60.8 

.78 

7p.m.       10p.m.. 

881.0 

81.6 

39.1 

87.7 

81.2 

44.6 

67.1 

.78 

10  p.m.        1a.m.. 

308. 8 

71.8 

27.2 

80.4 

80.6 

40.9 

50.2 

,88 

1  a.m.        4  a.m.. 

388.8 

09.0 

28,9 

70.0 

29.4 

86. 7 

48.8 

.74 

4  a.m.         7  a.m.. 
Total 

361.1 

67.1 

90.7 

71.0 

38.8 

86.1 

47.0 

.77 

3317.4 

843.6 

99.0 

679,8 

80.6 

846.8 

449.8 

.77 

The  same  discrepancies  which  have  been  pointed  out  before  aa  obtaining  for 
the  determinations  of  oxygen,  heat,  and  carbon  dioxide  during  short  periods 
vitiate  ttie  accuracy  of  the  ratios  for  individual  periods,  yet  the  Tesnlts  for 
24  hours  are  probably  accurate.  The  oxygen  thermal  quotient  remaina  nearly 
constant  for  the  two  days,  falling  from  29.6  on  the  first  day  to  29.0  on  the  sec- 
ond day.  The  carbon  dioxide  thermal  quotient  indicates  a  somewhat  greater 
fall,  varying  from  32.0  on  the  first  day  to  30.6  on  the  second  day.  The  respir- 
atory quotient,  although  indicating  marked  flnctuationa  in  the  different  periods, 
on  the  average  for  the  34  hours  is  0.79  for  the  first  day  and  0.77  for  the 
second. 
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Metabousm  Experiment  No.  69. 

This  ezperimiait,  which  contiDned  for  4  days,  vas  made  with  the  Bame  aabject 
as  ezperimeot  No.  68,  but  7  m<mths  later.  The  Bnbject  entered  the  reepiratlon 
dumber  on  the  evening  of  December  16, 1904,  the  experiment  proper  begimung 
at  7  a.  m.,  December  16.  Preliminary  practice  in  adjastmeDt  of  furniture  and 
apparatus  inside  the  calorimeter  chamber  was  not  necessary,  as  this  subject 
had  pievionsly  participated  in  a  large  number  of  ezperimenis.  He  was  also 
thoroughly  accustomed  to  the  environment.  The  usual  dothing  was  worn  and 
the  general  plan  of  the  whole  experiment  was  similar  to  that  of  experiment 
No.  68. 

It  has  already  been  suggested  that  A.  Ij.  L.,  the  subject  of  this  experiment, 
was  of  phl^^matic  temperament.  The  following  notes  fn»n  bis  diaiy  contain 
practically  everything  he  wrote,  and  so  brief  are  they  that  their  value  for 
deduction  as  to  the  physical  or  psychical  condition  of  the  subject  «a.  practically 
worttileeB.  They  simply  serve  to  indicate  that  the  stay  in  the  calorimeter  was 
not  distagtefnl  to  the  subject  and  that  he  felt  little  ill  effect  from  his  fast 

Ifota  from  Hary. 

morning,  I  felt  a  little  faint    Have 
had  no  desire  for  water,  but  bave 
dmnk  as  ordered." 
Dec  18,  1904: 
Notblng  worthy  of  note  regarding  this 
day. 
I>«^.l»,  1904: 
Day  pasaed  quite  as  the  rest 


Dec  16,  1904: 
Lay  down  thU  morning  at  9  and  re- 
mained on  the  bed  until  1  p,  m. 
Slept  the  greater  part  ot  the  time, 
but  with  disturbed  dreams  during 
the  last  of  It 
Dec.  17,  1904: 
While  adjusting  the  heat  abaorben  this 


FvUe. — In  this  experiment  the  subject  counted  his  pulse  twice  each  day. 
The  count  was  made  for  two  minutes  and  the  average  number  of  beats  per 
minute  is  recorded  below. 


Time. 

PdIm 
r«M. 

Time. 

Pulae 

Doc  18,  1904,  1*00- p.  m.. 

B   10    p.  m.. 
Dec.  17,  1»4,  II  60    ».  m. . 

S  00   p.m.. 

SS 
Sfl 
67 
OS 

Dec  18,  1904,  7045"*.  m.. 

1!  00    p.  m.. 
Dec.  19,  1904,  8  80    ..m.. 

10  20    p.  m.. 

«3 
48 
OS 
60 

Routine. — Aside  from  conforming  to  the  general  experimental  period  so  far 
as  hours  of  sleep,  rising,  collection  of  urine,  etc.,  was  concerned,  the  subject 
was  allowed  to  do  as  he  pleased  except  that  he  was  cautioned  to  secure,  in  so 
far  as  possible,  uniform  muscular  activify  on  the  several  days  of  the  experiment 
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Body  movementi. — A  careful  record  was  kept  of  the  bodily  activity,  and  for 
the  'betbet  interpretation  of  the  results  it  is  ^ven  herewith. 


Movements  of  t»bfeet.—DfmtUm,  4  days,  from  Dec  le,  7  a.  m.,  to  Dec  to, 
7  0.  m.,  1904. 


rfa«. 

welgli  self, 
welgb  abBorben. 
dreaa. 
urlnaU. 
told  bed. 
adjust  table,  elt. 
read,  sit. 
telephone, 
read. 

recline,  read, 
stop  reading, 
asleep. 

awake,  read, 
telephone, 
rise,  urinate,  slL 
food  aperture, 
count  pulse, 
write, 
telephone, 
food  aperture^ 

telephone, 
telephone. 

urinate. 

telephone, 
food  aperture, 
read. 

count  pulse, 
urinate. 
reUre. 
December  It. 


7»00"  rise. 

7  02  weigh  self. 

7  04  weigh  absorbera. 

7  08  urinate. 

7  10  dress. 

7  16  slL 

7  20  read. 

7  30  food  aperture. 

7  32  read. 


7  0* 

7  06 

7  10 

7  18 

7  20 

7  24 

8  06 

8  08 

9  08 

6  16 
9  36 

P.M. 

12'  62- 

1  00 

1  02 

1  ID 

1  24 

1  80 
S  26 

2  28 
2  30 
4  22 
4  28 
4  30 

7  00 
7  02 
7  04 
7  06 

7  06 

8  16 
11  00 
11  06 


8' 04"  telephone. 

8  06  read. 

8  36  stop  reading. 

9  06  He,  read. 

9  60  count  pulse. 

10  36  telephone,  food  ap- 

10  42  He. 

11  30  stop  reading. 
11  38  asleep. 


1»02- 

1  04 

3  00 

3  G4 

3  G6 

4  04 
G  06 
6  10 
6  14 
6  16 
6  24 
6  28 


7' 02" 
7  04 
7  06 
7  12 

7  14 
7  24 
7  46 
9  10 
10  30 
10  32 
10  40 

P.M. 

12>  58- 
1   00 


rise,   urinate,  food 
aperture. 

sit,  read. 

count  pulse. 

telephone. 

drink. 

telephone. 

close  curtain, 

open  curtain,  sit. 

telephone. 

read. 

food  aperture. 

read. 

urinate. 
>    read, 
i     urinate. 
1    retire. 
December  IS. 

weigh  self, 
weigh  absorbers, 
urinate,  food  aper- 

read. 

count  pulse. 

He,  read. 

telephone. 

sit,  food   aperture. 

He.  read. 

rise,  sit 

urinate,  food  aper- 
ture. 


1*0!" 

1  20 

2  24 
2  26 
6  26 

6  32 

7  02 
7  06 
7  08 
9  02 
»  38 

11  00 
11  02 


7  16 
7  16 

7  26 

8  10 
8  14 
8  20 
8  30 
8  37 

8  44 

9  08 
9  44 

11  02 
11  04 
11  06 

P.M. 

1'02" 

1  04 

2  23 

3  54 
7  04 

7  06 

10  20 

11  00 


read. 

food  aperture. 

stop  reading. 

write, 

telephone. 

food  aperture. 

urinate. 

food  aperture. 

asleep, 
oonnt  pulse, 
urinate,  retire. 
Deoem&er  19, 

i"  rise. 

^    weigh  self. 

t    weigh  abeorbera 

>    urinate. 

*    dress. 

food  aperture. 


SlL 

food  aperture. 

telephone. 

food  aperture. 

write. 

count  pulse. 

food  aperture. 

read. 

He. 

asleep. 

telephone. 

sit,  food  aperture. 

He,  read. 

rise,   urinate,  food 

aperture, 
stt,  read, 
food  aperture, 
telephone^ 
telephone,   nrlnata. 

food  aperture, 
read. 

count  pulse, 
urinate,      undress, 

retire. 
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Accordingly  the  Bobject  was  requested  to  drink  considerable  amounts  of  water 
and  no  doabt  consumed  more  than  he  dedied,  though  it  gave  him  do  discomfort. 
The  daily  amonnts  consumed  and  the  estimates  for  the  water  c<Hi8umed  by 
periods  during  the  experiment  are  given  in  table  33. 

In  estimating  the  quantity  of  water  consumed  during  each  of  the  periods  for 
which  the  amonnts  were  not  definitely  shown,  it  was  assumed  that  after  a 
weighed  amount  of  water  was  placed  in  the  calorimeter  chamber  equal  amounts 
were  drunk  during  each  2-hour  period  until  all  this  water  was  consumed.  For 
example,  it  was  known  that  between  the  hours  of  1  and  1  p.  m.  on  December 
16  the  subject  drank  489.10  grama  of  water.  These  6  hours  ccmstitated  three 
experimental  periods  and  it  was  assumed  tliat  one-third  of  this  amount 
(163.03)  grams  of  water  was  taken  during  each  period.  While  the  apportion- 
ment of  the  quantities  for  the  di&erent  periods  is  at  best  but  roughly  approxi- 

Tabu  S3. — iZeconf  oi  vxUer  oontwneA—XetabolUm  exptritnent  Ho,  69. 


Dmte. 

Period  don^c  whl«h  wktor  wu  ooDmimed.i 

TtoS 
».m. 

9t«ll 

11a.m. 
to]p.m. 

ItoS 
p.m. 

8toS 
p.m. 

StoT 
p.™. 

Tt«a 

p.m. 

St«ll 
p.m. 

.JX. 

IMM. 

Dm.  lfl-17... 
I>*0.  17-18... 
I>«.  18-19... 
Dm.  19-20... 

Oramt. 

88.88 
1M.04 
148.00 
1S«.87 

Orom,. 

148.00 
18«.87 

im!6u 

148.00 

i8s.se 

KW'.OO 
181.80 

Orvma. 
IBS. 08 
164.08 
168.00 

188 .08 
68.60 
182.00 
131. BO 

Onma. 
119.00 

76!  M 
77  .«0 

76!  30 
77.90 

OramB. 
047.08 
B68.80 
1086.80 
B2S.60 

1  AMnmed  Id  k 


e  InatuioeB.    (See  above.} 


mate,  it  must  be  borne  in  mind  that  the  absolute  amount  of  water  taken  during 
the  day  was  determined  with  accuracy.  A  similar  apportionment  has  been 
made  of  the  water  connuned  on  the  subsequent  days  of  the  experiment. 

Uam. 

As  in  experiment  No.  68,  the  urine  was  collected  4  times  daily.  In  the 
samples  of  urine  thus  collected  a  Dumber  of  detenoinations  were  made  which 
are  recorded  in  table  34.  As  a  check  on  the  nitrogen  determinations  the  total 
nitrogen  was  determined  in  the  daily  composite  as  well  as  by  periods. 

Wnglit  and  compoaition  of  urine. — In  addition  to  the  determinations  of 
nitrogen,  specific  gravity  and  reaction  made  upon  urine  collected  by  periods, 
there  were  determined  in  the  daily  composite  the  water,  total  solids,  ash, 
nitrogen,  carbon,  hydr<^en  in  organic  matter,  phosphorus,  sulphur,  and  heat  of 
combustion.  From  the  weight  of  urine  and  the  percentages  obtained  in  tiie 
above  determinations,  the  total  amonnts  of  each  ingredient  analyzed  were 
computed.    These  amounts  are  recorded  in  table  35. 

While  in  experiments  Nos.  59  and  68  determinations  of  ash,  carbon,  and 
hydrogen  were  made  only  on  tiie  composite  urine  for  the  whole  experiment,  in 
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this  experiment  the  determinatioiu  were  made  on  each  daily  sample,  thoB 
aToiding  the  complicated  and  somewhat  erroneona  calculatioDS  for  the  dietri- 
bation  or  apportionmeiit  of  the  water,  ash,  aolid%  carbon,  and  hjrdrogea  over 
the  indindoal  days  of  the  ezpeiiment. 


Data. 

Period. 

W 

Speolflc 
tn-ritj. 

(e) 
rolume 

BeMtlon. 

U) 

iriti«- 
ten. 

D*^^17. 
D«C.  17-18. 
Dec.  18-lB. 
Dee.  IV-M. 

7».m.to    lp.m 

1p.m.        7p.m 

7p.m.      llp.m 

11p.m.        T^m 

Tot»l 

Totidbj  eompottta... 

1  ».m.  to    lp.m 

lp.m.        Tp.m 

7p.m.      llp.m. 

11p.m.        71-m. 

Totel 

7«.m.to    lp.m 

IP-M-        Tpm 

7p.m.      llp.m 

11p.m.         7«.m 

ia».» 

68.1 
190.0 

1.0830 
1.0880 
1.0860 
1.088S 

"■119 
119 
81 
148 

Acid 

..do 

..do. 

..do. 

B.Bl 
1.B8 
8.01 

4S1.8 
451.8 

t.om 

487 
487 

10.09 
9.95 

174.4 
167.9 
B3.S 
16S.« 

l.OSSO 
1.0280 
1.0895 
l.OSSS 

169 
168 
SB 
IBl 

Acid 

..do. 

..do. 

..do 

8.94 
8.80 
>.8« 
4.18 

6M.1 
590,1 

i.osio 

B79 
672 

14.86 
14.34 

U6.9 
908.9 
107.  B 
190.8 

1.090S 
1.0965 
1.038B 
1.0970 

850 
808 
106 
185 

Acid 

..do 

..do 

..do 

4.82 
4.08 
9.84 
4.8B 

708.8 
788.8 

1.0850 

7*8 
748 

IB. 04 
15.08 

Totmlbjcompoeita... 

7«.m.  to    :p.m. 

1p.m.        7p.m 

7p.m.      llp.m 

Up.m.        T».m. 

9S0.2 
987.9 
100.9 

les.i 

1.0196 
1.0215 
1.096S 
1.08S0 

94S 
998 
98 

Add 

..do 

..do 

..do 

4.19 
8.47 
2.28 
8. IB 

749.1 
742.1 

1.0980 

795 
726 

19.97 
18.18 

Total  bj  conpoilta. . . 

9546.8 

.... 

9477 

68.80 

The  determinationB  of  phosphoms  were  made  by  foeion  with  sodium  peroxide 
and  not  by  titration  with  uranium  salts.  For  pnrpoeea  of  further  compariaon 
the  qnantii?  of  phoaphoroa  is  expressed  in  line  ;  of  table  36  as  the  ^ment 
and  in  line  h  as  phosphoric  ftid,  i.  e.,  phoofdioniB  pentoxide.  The  amonnt* 
of  snlphur  are  likewise  expressed  both  as  salpbnr  and  as  Bulphnr  trioxide. 

BuMnrATioir  of  Watix-Tak>b. 
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irere  determined  in  two  periodn  of  3  hoara  each  immediately  preceding  the 
experimait.  In  Hm  experiment  as  in  experiment  No.  68,  there  were  certain 
changes  in  the  weights  of  the  chair,  bed,  bedding,  etc.  The  amounts  of  water 
inTolved  in  these  changes  are  noted  at  the  end  of  the  table.  While  inspection 
of  the  humidity  conditiona  in  thia  expmment  showed  that  the  losses  must  have 
been  fairly  n^nlar  for  the  first,  third,  and  fourth  daya,  the  gain  on  the  second 
day  apparently  occurred  daring  the  last  4  periods  of  the  day  and  it  was  so 
apportioned. 


(a)  Welgbt grami.. 

(6)  W«tBr do ... . 

it)  Solldi,  a—b do. . . . 

(d)  A*b do.... 

(()  Orguile  nutUr, e— d do..., 

if}  Nltrogm do. . . , 

(f)  Ckibon   do.... 

W  Hjdrogan    In  orguile    mfttUr, 

gnun». 

(f)  Oxjgtm  (b;  dlSarence)  In  orgutlc 

matter,*— ^-1-0 -f  A). ,.  .gnmi., 

(J)  Pbosphoroi do 

(t)  Phoipborlc  meld  b;  fnalon  (P,0,), 

({)  Bnlpbnr gmau.. 

(m)  Solpfanr  trioxlde  (80^ do. . . . 

MBektof  combaBUoD....«ftloriaa.. 


401.8 
il6.n 
8S.05 
8.04 
99.41 
10. W 
a.  SI 

l.Sl 

9.90 


590.01 

MS.  OB 

4S.0S 

0.48 


9.60 

11.70 
.530 

1.192 
.7>8 
1.844 


TOS.S 
714.81 
47.49 
0.60 
40.93 
10.04 
10.87 

a.«7 

IS.Sft 


5.67 
80.81 
19.97 

9.49 


9540. S 
9875. M 
170.84 
35.90 
145.14 
59.80 
88.07 

9.69 


The  total  water  of  respiration  and  perapiration  in  this  experiment  Taried 
considerably  from  day  to  day.  On  the  second  day  there  were  160  grams  more 
water  vaporized  from  the  lungs  and  akin  than  on  the  first,  while  on  the  last  day 
the  amount  of  water  was  slightly  lesa  than  on  the  first 

Cutaneous  excretion  of  nitrogenovi  material. — During  thia  experiment  and 
No.  70  following,  the  subject  wore  contmuoaBly  a  union  aoit  and  a  pair  of 
atocldngs  which  had  been  previously  thoroughly  washed  and  extracted  with 
distilled  water.  Before  the  experiment  began  the  subject  washed  himself 
thoroughly  without  uaing  soap.  He  then  took  a  shower  bath  and  finally 
sponged  his  whole  body  with  clean  cheesecloth  and  distilled  water.  After  the 
termination  of  experiment  ISo.  70  the  water  need  to  extract  the  clothing  and 
sponge  the  body  of  the  subject  contained  0.7S3  gram  of  nitrogen,  corresponding 
to  an  dimination  of  0.013  gram  per  day  for  the  7  days  the  subject  was  in  the 
respiration  chamber.  This  excretion  of  nitrogen  baa  not  been  conaidered  in  any 
of  the  computations. 
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As  has  been  pointed  oat  elsewhere,"  the  cutaneous  ezcretion  of  nitrogenoiu 
material  is  a  factor  to  be  considered  in  metabolism  experiments.    Especially 


Jik. 

■SU 

^•Ja 

■SU 

water  of 

■mount 

water  of 

Data  mod  period. 

o't°p'r 
chamber 

*- 

Dateao 

<1  period. 

o,™por 
clumber 

ir 

■tend 

at  end 

penplm- 

of  period. 

Uon.' 

o(  period. 

*Ooii.» 

im. 

UOL 

Deo.  10: 

Dec.  18-19 

Oramt. 

FnUmliuktT: 

GrWM. 

Onmu. 

7  a.m. 

to    9t.m... 

44.9' 

80. S 

lB.m 

49.9 

9a.in. 

11a.m... 

48.1 

07.4 

l*.m.to   4>.m 

M.4 

18o!« 

11a.n. 

1p.m... 

48.0 

«».4 

i^m.        7m.m 

47.8 

118.7 

1p.m. 

8p...... 

43.0 
89.2 
41.1 
88.6 

«S.» 

Total 

Dm.  lft-17: 

H7.8 

8  p.m. 
8  p.m. 
7  p.m. 

5  p.m.... 
7p.m.... 
Bp.m.... 

67!  1 
06.1 

7a.m.  to    9a.m.... 

««.8 

78.8 

»p.m. 

lip.m.... 

87.7 

59.7 

»a.m.       11a.m.... 

41.0 

59.8 

11p.m. 

1a.m.... 

80.4 

00. a 

i:a.m.          1p.m.... 

40. B 

61.0 

ta.m. 

8  a.m.... 

48.4 

70.0 

1p.m.         8  p.m.... 

89.4 

61.0 

Sa.m. 

Ba-m.... 

45.8 

78.8 

3  p.m.          5p.m.... 
5p.m.         7p.m.... 
7p.m.         9p.m.... 
^^^m.      iip.m.... 

80. 7 
S6.9 
S8.8 
84.8 

68.0 
61.9 
68.4 
66.0 

6  a.m. 

ToUl 

Dec  19-30 

7  a.m.... 

43.0 

58.6 

7»4.9 

11p.m.         1a.m.... 

88.8 

00.8 

Ta.m. 

to    ea.m.... 

43.8 

70. B 

1a.m.          8  a.m.... 

SB. 4 

00.8 

9  a.m. 

11a.m.... 

87.6 

66.0 

8  a.m.        Ba.m.... 

41.1 

07.8 

11a.m. 

1p.m.... 

88. 1 

•1.8 

6t.m.         7  a.m.... 

48.9 

66.8 

lp.m. 

8p.m.... 

88.0 

69. S 

Total 

Dec.  17-18: 

788.4 

7  p.m. 

6p.m  ... 
7p.m.... 
»p.m.... 

87.4 
89.0 
88.7 

01.0 
01.9 
01. S 



7a.m.  to   9B.m.... 

40.9 

84.9 

9  p.m. 

llp.m.... 

87.0 

69.1 

»a.m.        11a.m.... 

44.9 

OS.  9 

11p.m. 

1  a.m.... 

80.5 

60.8 

11  (.m.         1p.m.... 

40.7 

04.9 

1a.m. 

8a.m.... 

80.6 

56.0 

1  p.m.         8  p.m 

41  .B 

60.9 

Sa.m. 

5a.m.... 

80.9 

01. 6 

8  p.m.         6  p.m.... 
8p.m.          7p.m.... 

41.9 
48.3 

09.8 
71.0 

6  a.m. 
Total 

7  a.m.... 

86.1 

60.4 

7SS.0 

7p.m.         flp.m.... 

41.9 

07.7 

9  p.m.        11p.m.... 

40.8 

06.3 

11p.m.         1a.m.... 

48,6 

BS.O 

1a.m.        8  a.m.... 

61. a 

89.8 

8a.iB.         8  a.m.... 

51.5 

88.7 

6  a.m.         7a.m 

Total 

44.8 

77.4 

898.4 
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DaM. 

OitndkaidL 

o_ 

IMod. 

AJi\ui 

iS^ 

AJSLib 

JL 

AMmba 

:^ 

thMntm 

atMdot 

■tttdof 

p«»xl. 

br><ibi.<>t. 

IMriod. 

brtuhlMi. 

T.    *?2»- 

Pnliminai;: 

Orou. 

Otmm. 

Liln. 

OWH. 

Dm.  16 

1  a.m 

31.4 

922.0 

I  a.  m.  to    4  a.  m. . 

26.2 

6S!8 

910.3 

'w.i 

Dec  16-17. . . 

4  a.  m.         7  a.  m. . 

ToUl   

7  a.  m.  to    9  a.  m.. 

33.0 

77.3 

901.8 

70.0 

146.1 

136.4 

35.1 

67.2 

918.6 

66.1 

9  a.  m.       11  a.  m.. 

33.5 

48.1 

917.2 

43.1 

11a.m.         1p.m.. 

31.6 

49.6 

933.2 

41.6 

1  p.  m.        8  p.  m.. 

38.6 

68. 6 

918.7 

67.6 

3  p.  m.         fi  p.  m.. 

32.1 

62.6 

933.3 

49.4 

5  p.  m.         7  p.  m.. 

34.4 

63.0 

941.3 

49.4 

7  p.  m.        9  p.  m.. 

33.2 

58.6 

946.3 

62.8 

9  p.  m.       lip.  m.. 

37.3 

£3.0 

944.0 

62.2 

11  p.  m.         1  a.  m.. 

29.7 

49.0 

946.1 

46.4 

1  a.  m.         3  a.  m.. 

34.4 

46.8 

942.6 

47.3 

3  a.  m.         5  a.  m. . 

30.7 

48.2 

943.1 

46.8 

Dm.  17-18... 

6  a.  m.         7  a.  m.. 

ToUl 

7  a.m.  to    9  a.  m.. 

36.6 

47.3 

932.7 

42.6 

631.8 

684.2 

40.« 

73.6 

934.1 

74.1 

9  a.  m.       11  a.  m.. 

47.2 

66.9 

933.6 

53.4 

11a.m.        Id.  m.. 

34.9 

49.4 

931.8 

49.0 

1  P 

m.        3  p.  m. . 

49.4 

60.3 

918.2 

62.8 

3p 

m.         £  p.  m. . 

40.8 

60.4 

920.1 

54.1 

6p 

m.         7  p.  m. . 

63.0 

63.3 

903.7 

58.1 

7p 

m.         9  p.  m. . 

40.1 

57.3 

903.3 

68. 4 

gp 

m.       11  p.  m.. 

49.2 

66.4 

892.8 

47.8 

Up 

m.         1  a.  m. . 

36.6 

63.7 

870.2 

60.2 

li 

m.         3  a.  m.. 

43.8 

45.8 

848.1 

46.2 

3  a 

m.         5  a.  m. . 

36.0 

44.6 

846.3 

43.1 

Dm.  18-19... 

£  a 

m.         7  a.  m. . 

29.9 

44.7 

864.1 

48.6 

Total 

7  a.m.  to    9  K.m.. 

666.4 

646.8 

36.8 

72.4 

870.6 

87.9 

6  a.  m.       11  a.  m.. 

38.6 

66.2 

880.4 

60.3 

U  a 

m.         1  p.  m. . 

36.7 

£7.0 

88£.6 

68.9 

IP 

m.         3  p.  m.. 

40.6 

67.0 

891.5 

64.6 

3p 

m.         6  p.  m. . 

35.6 

56.8 

907.1 

64.1 

fip 

m.         7  p.  m. . 

30.0 

67.8 

914.3 

60.1 

7p 

m.        9  p.  m. . 

34.2 

64.1 

917.7 

68.8  1 

»P 

m.       11  p.  m.. 

36.1 

50.7 

918.7 

*I-S 

Up 

m.        1  A.  m.. 

28.2 

47.6 

922.5 

f.l\ 
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DMaL 

Foiod. 

CuboB  dioxkto. 

Om~.              1 

# 

(e) 

igil 

brnbiort. 

IBM 

D«o.  19-20. . . 

7  ft.  m.  to    9  ft.  m. 

9  a.  m.  11  ft.  m. 
U  a.  m.         I  p.  m. 

1  p.  m.         3  p.  m. 

3  p.  m.         fi  p.  m. 

5  p.  m.         7  p.  m. . 

7  p.m.         9  p.m.. 

9  p.  m.  11  p.  m.. 
11  p.  m.         1  ft.m.. 

1  ft.  m.         S  ft.  m.. 

3ft.iii.         5a.m.. 

S  a.  m.         7  a.  m. 

37.8 
32.8 
41.9 
33.1 
43.7 
33.5 
42.1 
29. tt 
36.8 
29.8 
39.1 

46.0 
53.8 
55.3 
£4.5 
55.2 
62.9 
62.7 
45.0 
41.7 
42.9 
44.3 

lAfn. 
920.0 
916.6 
900.7 
893.5 
006.0 
892.1 
900.3 
893.2 
896.8 
902.7 
906.7 
907.3 

Gram. 

67.0 
46.0 
62.6 
62.9 
63.8 
63.9 
64.8 
60.7 
41.0 
43.6 
42.2 
^.9 

612.6 

601.2 

nitrogen  per  hour.  At  the  time  these  detenninatioDB  were  made  the  compata- 
tionB  of  tiiese  rest  ezperimentB,  in  which  rer;  Bmall  amonnts  of  nitrogen 
existed  in  the  cataneons  excretions,  were  eo  far  advanced  that  to  rerise  them 
and  allow  for  the  nitrogen  thus  excreted  would  hare  inrolTed  a  great  amount 
of  labor.  It  was  deemed  inadneable  to  incor  the  added  expoise  of  making 
these  changes  and  hence  in  all  the  experiments  here  reported  no  allowance 
for  the  CQtaneonB  excielion  of  nitrogenous  material  has  been  made. 

BLnmrATioii  or  Cabsoh  Dioxnne  usa  ABSoapnoir  or  Oxrenr. 

The  carbon  dioxide  and  o^gen  were  detennined  during  each  S-honr  period 
save  for  the  preliminar;  night,  when  the  periods  were  3  hours  long.  The  data 
recorded  in  table  37  show  the  amounts  in  the  chamber  at  the  end  of  each 
period,  the  carbon  dioxide  being  expressed  in  grama  and  the  oxygen  in  liters, 
and  also  the  total  weight  of  both  carbon  dioxide  exhaled  and  oxygen  consumed 
by  the  subject  per  period  and  daily.  As  has  been  pointed  out  before,  theea 
data  are  sufBcient  for  computing  the  proporiaon  of  either  carbon  dioxide  or 
oxygen  in  the  air  at  any  given  period. 

The  total  amounts  of  both  carbon  dioxide  and  oxygen  dnring  the  different 
days  of  the  experiment  follow  approximately  the  total  amount  of  water-rapor 
eliminated,  i.  e.,  on  the  second  day  of  the  experiment  the  largest  amount  of 
water  and  carbon  dioxide  were  exhaled  and  oxygen  consumed,  while  on  the  first 
and  last  days  minimmn  amounti  were  observed. 
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BUUKTB  EaTABOLBEID  in  tEK  BODT. 

From  ttie  chemical  onslyBes  the  elements  of  income  and  on^  are  determined 
and  from  theee  in  turn  tii«  material  katabolized  in  the  bodj  ezpreseed  in 


Tabu  Si.—Materiat  JWaboliMd  to  body— V«ta&oHm  experiment  No. 

ea. 

& 

K^L 

A 

(0 
Aih. 

Fint  day.  Dee.  16, 1604. 
Outoo:' 

ITS 

Ofmm^ 

On-u. 

Onm,. 

^Tk 

OlHM. 

415.75 
^.05 
738.34 
631.75 

lo'.og 

sisi 

46.52 
1.81 
82.62 

369.23 

9.20 

666,72 

459.45 

fi'.hi 

1821.89 
1237.67 

10.09 
10.09 

180.61 
180.61 

130.95 
130.95 

1493,60 
009.38 

6.64 
6.64 

LOM                                 

8»sondday,D»e.l7,1004, 

Inocnne:  Ox^gea  from  air 

Outgo: 

645.80 

.... 

646.80 

645.08 
45.02 
898.36 
666.40 

14!26 

9;»7 

181 ! 74 

60.99 

2.66 

100.63 

484.09 
11.70 
797.83 
484,66 

e!43 

Solids  in  urine 

Total 

2154.86 
1509.06 

14.26 
14.26 

191.71 
191.71 

164.18 
164.18 

1778.28 
1132.48 

a. 43 
6.43 

Thtrdday,  Dte.  18, 1904. 

Income:  Oxygen  bom  air 

Outo.: 

619.41 

619.41 

714.81 
47.49 
794.93 
640.68 

ik'.bi 

l6!37 
174! 73 

79.99 
2.67 
88.96 

634.82 
12.86 
705.98 
465.96 

i'.'sa 

Wal«ro(ren>irationi 

Carbon  dioxide... 

2197.91 
1578.60 

15.04 
15.04 

185,10 
186.10 

171,61 
171.61 

1819.60 
1200.19 

6.56 
6.56 

LoM 

Fourth  day,  Dec  19, 1904. 
Income:  Ch^gen  from  air 

601.21 

601.21 

700.32 
41.78 
727.96 
612.64 

12!  97 

9!42 
167 !69 

78.37 
2.46 
81.46 

621.96 
11.37 
646.49 
445.66 

B.hi 

Total 

2082.69 
1481.48 

12.97 
12.97 

176.51 
176.51 

162,28 
162.28 

1725.36 
1124.16 

6.57 
5.57 

■  InelndM  alM  water  ol  pcnpindon. 


elements  is  compated.    The  data  are  ahovn  in  table  36.    No  feces  were  passed 
dming  the  time  of  thia  experiment. 

Elements  and  materiala  iatdbolited  from  the  body. — ^The  elem^its  kata- 
bolized from  the  body  are  recorded  in  the  first  part  of  the  smnmary  table  39, 
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and  the  qoantatiee  of  water,  protein,  fal^  and  carbohydrates  which  were  kata- 
bolized  in  the  body,  u  compnted  from  the  formnlte,  are  recorded  in  tfas  latter 
part  of  the  table.  The  kataboliam  of  protein  increased  markedly  on  the 
second  and  third  days,  and  decreased  on  the  fourth  day.  The  kataboliam  of 
fat  increased  on  the  second  day,  after  which  the  amounts  remained  nearly 
constant    The  lose  of  glycogen  )■  by  far  the  largest  on  tbe  first  day,  and  ia 


Date. 

(«) 
Kltio- 

CartiOD. 

(0) 

Hydro- 

a- 

<«> 
Water. 

(n 

ProtelD. 

(a) 
Fat. 

(0 
Aih. 

Dee.  10-17.... 
Dec.  17-18. . . . 
Deo.  IB-IB.... 
Dae.  1»^0.... 
ToUl,  4d*7«. 

IB.M 

ia.»7 

Oram*. 
180.01 

m.7i 

1B5.10 
ITS. 61 

Ommt. 
180.9S 
m.18 
171.6! 

103. as 

0nMU. 
909. ES 
1188.48 

iaoo.i» 

1194.19 

0nMu. 

9S9.70 
iai9.B7 
1BS8.00 

iai4.es 

86.98 
80.34 

77.88 

184.87' 
174.80 
101.07 

Ke.ie 

108.79 
81. BB 
83.78 

iB.a» 

6.48 
0.S6 
9.97 

sa.ss 

788.98 

oaB.09 

4800. ao 

4648.89 

814.10 

0S«.»9 

IBS. 88 

89.80 

smallest  on  the  fourth  day.    The  amounts  katabollzed  on  the  second  and  third 
days  were  practically  identical. 

Bdlanee  of  water. — ^According  to  the  compntationfl  recorded  in  table  39,  there 
is  a  la^  lose  of  water  to  the  hody  during  each  experimental  day,  but  no 


DBMl 

OntKO  from  the  body. 

"^^ir""" 

(0) 

Water 

of 
urine. 

W^of 
tlon. 

Total 
(a+W. 

water  In 
out«o. 

(•) 

Intake 

tn 
dunk. 

in 

Lonot 

UOl. 

Orami. 
415.7 
S49.1 
714.8 
700.8 

Oram: 
788.8 
898.4 
794.9 
738.0 

1194.0 
1448.5 
1609.7 
1498.8 

988.7 
18ia.6 
1388.7 
1314.8 

Oramt. 
047.0 
998.0 

1085.8 
838.9 

0B9.0 
80S. 4 
ISO. 8 

380.0 
931.0 
818.9 

ToUl,  4d«r4 

Average  per  daj... 

SS7B.V 
994.0 

8169.6 
789.9 

988B.5 
1888.9 

4648.8 
1103.8 

8114.4 
778,6 

1684.4 
888. 6 

880.7 
891.7 

allowance  has  been  made  for  the  drinking-water  and  hence  the  actual  loss  t 
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one^ixth  of  the  ftmonnt  apparently  lost  The  amounts  of  water  ingested  and 
eluainated,  together  with  the  losaee  of  preformed  water  and  water  of  oxidation 
of  organic  hydrogen,  are  shown  in  detail  ia  table  40. 


CHARsn  HI  Bodt-Wdsht  CoMruto  f 


I  Bai.u«]e  or  Ihoohe  ahd  Ootool 


With  increased  acciuacy  in  the  oae  of  the  special  scale  attached  to  the  rea- 
piration  calorimeter,  weights  of  the  subject,  absorbers,  chair,  bedding,  and 
clothing  were  taken  each  morniDg  at  a  specified  time.  These  weights  have  been 
compared  wiUi  the  difEerent  facton  of  income  and  outgo,  and  a  balance  luu 

Tamm  Al.-^oiHpttrUon  of  c^anffet  in  lK>dvv>MgM  wit\  baUmce  of  fnooaM  mtd 
o*tffO — Mtta^lUm  experiment  Ho,  69. 


SS. 

,?^ 

5S 

neo. 
l»-8t 

4dar>. 

4ir 

Income: 

(a)  W»tarcoDnm«d... 

osi.aa 
1381  .as 

asHD 

845.80 

IDBS.SO 
819.41 

601.81 

8nr48 

8460.84 

778 .8i 
813. «» 

(<:}  Total  (a-l-fr) 

Ontgo; 

1199.40 

1704.71 

1480.71 

6686.07 

1801.87 

S38.4S 
881 .76 

7S8.84 

SS4.S0 
888.40 

808.80 

787.80 
840.08 

704.98 

789.80 
813.84 

737.95 

8810.88 
8651.47 

8160.58 

664.08 
SS7.87 

780.80 

<<)  Orbon  dloxlda 

(/)  Water  of  Teapln- 
tioQ  and  pereplra- 

(g)  Total  W  +  «+/).... 
M)  LoM(-)o(bodjni»t«. 

rial  (e~g) 

(0  Loai(-)orbody.wBjgbt 

IMS. SI 

8149.38 

2168.31 

8100.89 

8SS0.S7 

8089.73 

-877.  as 

-954.00 

-949.86 
-979.00 

-4S8.60 
-489.00 

-880.18 
-76S.00 

-8765.  BO 
—8654.00 

-601.45 
-718.60 

been  struck  which  is  given  in  table  41,  The  total  income  of  the  subject  consists 
of  water  and  oxygen  consumed,  while  his  total  outgo  Ib  tlie  quantity  of  urine 
passed,  carbon  dioxide  exhaled,  and  water  of  tcspLration  and  perspiration. 

Save  on  the  last  day  the  discrepancies  appearing  in  table  41  are  not  great, 
the  average  showing  a  marked  improvement  over  the  results  obtained  ^ 
experiment  No.  68.  The  average  loss  per  day  as  computed  is  less  by  23  gratoa 
than  that  obtained  by  nse  of  the  weighing  apparatus,  an  error  wMq^.  ^ 
altogether  too  large  for  accurate  work. 

OuTpCT  OF  Hut. 
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The  amount  of  heat  produced  daily  is  comparable  with  the  amountB  of 
water-vapor,  carbon  dioxide,  and  oxygen  in  that  the  emaller  amoimta  of  each 
are  foond  on  the  first  and  laat  days  of  the  experiment,  and  larger  amounts 
on  the  seccHid  and  third  da^ 


Deo.ie-«,1»OI. 

Deo.lT-18.IWi. 

(o) 

(6> 

it) 

(•» 

<o) 

(W 

(e) 

W) 

Period. 

Heat 

t^nof 
water. 

-a' 

(«+B?0 

Beat 
urediD 

"?K'n"o'? 
water. 

ttoDa.1 

lo+ft+c). 

TtLU.  to  aft.m. 

CaU 
191 

CaU. 
47.8 

Colt 
-88 

^.1 

» 

%% 

-*?3% 

t!f:. 

9  ».in.      11  ■.m. 

109 

88.1 

-28 

lie 

135.8 

40.8 

+  81.4 

187.4 

11  km.       1  p.m. 

96 

88.9 

+  18 

147 

115.0 

88.0 

-14.4 

189.3 

Ip.ai.       8  p.m. 

148 

88.8 

+  30 

307 

157.0 

80.6 

+  87.8 

824.9 

8  p.  a,        Sp.m. 

]S1 

87.6 

+    4 

178 

161.8 

4t.O 

-  4.9 

188.0 

6  p.m.       7  p.m. 

136 

S6.S 

+  16 

178 

149.9 

48.1 

+  S6.1 

916.4 

7  p.m.       »p.m. 

188 

87.8 

-   8 

166 

143.8 

40.1 

-13.4 

170.5 

9  p.m.      llp.m. 

138 

8S.7 

-  4 

1B9 

149.4 

-  4.0 

184.0 

11p.m.       l».m. 

e« 

S8.6 

+   6 

140 

128.6 

4s!8 

+  4.0 

177.4 

1  «.m.       8  Lm. 

SB 

8S.4 

+    B 

140 

109.9 

49.8 

-18.8 

145.4 

8  a.m.       5  ft.m. 

118 

43.8 

-   1 

1S4 

S9.6 

49.0 

-  1.3 

147.6 

6  a.m.        7B.m. 
Total 

101 

41.7 

+  14 

167 

108.8 

48.4 

+  17.0 

161.7 

470.1 

•) 

1683.9 

618.0 

+  11.8 

8162.7 

7  a.m.  to  9  a-m. 

Deo.  IS 

lB,lIOi. 

Deo.l»-aM»i. 

180.0 

49.0 

-19.6 

809.4 

176.0 

48.7 

-87.4 

192.8 

9  a.m.      11  a.m. 

138.7 

41 

+    1.7 

186 

110.9 

84 

6 

158.6 

11  a.m.        1  p.m. 

119.6 

4S 

+  18.1 

176 

110.4 

88 

8 

+  17.0 

171.7 

1p.m.       Sp 

m. 

15«.9 

S9 

-   7.S 

186 

144.3 

80 

-  0.1 

180.9 

Bp.io.       Sp 

m. 

149.0 

40 

-   O.S 

1B8 

1S4.2 

SB 

+    6.0 

177.6 

Bp.m.       7p 

m. 

148.6 

41 

+    ».« 

194 

187.8 

S8 

+  8.2 

178.9 

7  p.m.       Up 

m. 

144.9 

40 

Q 

-   8.8 

176 

188.8 

88 

-  0.8 

176.0 

»p.m.      Up 

18».7 

88 

-10.6 

166 

180.8 

80 

-18.4 

180.6 

11  p.m.        1  a 

91.9 

87 

+  63.4 

191 

91.8 

37 

+  80.0 

149.1 

1  a.m.        8  a 

104.1 

43 

-19.4 

137 

130.0 

88 

-  0.1 

146.9 

8  a.m.        6  a.m. 

98.4 

46 

-  8.1 

186 

98.6 

88 

-  1.6 

180.1 

6  a.m.       7  a.m. 

Total 

106.1 

sa 

6 

-30.  B 

117 

94.8 

86 

+  11.8 

141.6 

1664.8 

488 

T 

-  7.7 

a08S 

1498.6 

451 

+  18.0 

1968.1 

•See 

pp. 

42-49 

BAI.U1CI  or  ISnxBor. 
t  produced  in  the  body  shown  in  table  i 


should  equal  the 
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Date. 

BnergT  ierlrod  from  dUTerent  MuroM. 

tbao  output. 

Fram  bodr  protein. 

From 

Bljoo- 
irea. 

in 

tlal 
artne. 

(0) 

Met 

portion 

D«o.  1ft- 17.... 
Dec.  17-18.... 
Doc.  18-19.... 
Dm.  l»-aO.... 

ToUl,4d«j«. 

A*,  per  da;.. 

84a 

483 

BIO 
440 

113 
180 
110 

871 
SIM) 
8S0 

?S?7 
lfl«S 
1S43 
1S14 

Cult. 
4SS 
1S8 
1B7 
04 

IVT3 
Slflfl 
2009 
3008 

Col*. 
1951 
S10H 
3030 
1958 

+  81 
+  8 
+   84 

+    60 

ftrit. 
+  1.1 
+  0.1 
+  1.7 
+  3.S 

1776 
444 

4S4 
109 

1841 
SS6 

6100 
1537 

7«8 
198 

8315 

30M 

8107 
SU3T 

+  1UB 
+   87 

+  i!8 

RxLATHHia  Bcrwzm  OxTflUf  ConauHPnoif,  Cabbon  Dioxidk  EuMiKATion,  ard  Heat 

PKODDCnOR. 

The  ratios  as  ezpreesed  by  the  oxygen  thermal  quotient,  carbon  dioiJde 
thermal  quotient,  and  respiratory  quotient  for  the  different  periods  of  the 
experiment  are  given  in  table  44.  Noticeable  fluctuations  appear  in  the 
quotients  for  the  different  periods.  On  the  other  hand,  the  quotients  for  24 
hours  are  nearly  constant 


Date  uid  period. 

Total 

beat 

produo- 

tton. 

Oij-fen 

OOQ- 

■omed. 

(at 

ssss 

(d) 
Carbon 

nattd. 

Carbon 

Dated 
(dx0.im 

OZTBCD 

Ke«pl- 

D.c.18^?"- 

PreltmluiT: 
1  a.ni.  to   4  a.111. 

Coll. 

ce.4 

88.8 

LUfrt. 
85.0 

Uttn. 
46,6 

0.76 

ToUl 

Dec.  l«-17 : 

70.0 

77.8 

89.4 

49. 0 

.80 

1S6.4 

145.1 

74.4 

95.6 

.78 

T  a.m.  to    «  a.m. 

3DS.L 

6S.1 

37.8 

87.8 

88. S 

84,9 

89.8 

.87 

9  km.        11  a.m. 

119.2 

48.1 

85.3 

48.1 

40.4 

34.6 

80.8 

.81 

11  ..m.         1p.m. 

147.6 

41. S 

38.3 

49.6 

S8,6 

86.8 

89.1 

.87 

807.3 

S7.6 

37.8 

68.5 

88. 8 

39.8 

40.8 

.74 

8  p.m.         6  p.m. 

178.4 

49.4 

98.6 

69.6 

80,8 

36.7 

84.6 

.77 

176.8 

49.4 

87.9 

68.0 

80.0 

87.0 

34.6 

.78 

7  p.m.        9  p.m. 

166.4 

S3.B 

81.7 

68.6 

35.3 

39.8 

80.9 

.81 

9  p.m.        11  p.  m. 

189.9 

58.3 

82.7 

68.0 

38.3 

37.0 

86.5 

.74 

140.5 

45.4 

33.8 

49.0 

84.9 

84.9 

31.8 

.79 

1a.m.         8  a.m. 

47.3 

83.8 

46.8 

83.0 

SS.8 

83.1 

.79 

8  a.m.         5  a.m. 

164.0 

48.8 

80.8 

48.3 

31.1 

34.6 

83.8 

.76 

Ba.m.         7  a.m. 

157.8 

43.6 

37.0 

47.8 

80.1 

84.1 

89.8 

.81 

1881.3 

684.3 

89.9 

631. 8 

33.4 

831.6 

409.0 

.79 
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Date  uid  period. 


BB.m 

11a 

lla.m 

Ip 

lp.ni 

Sp 

8p.m 

6p 

'P 

7p.iii 

9p 

Kp.m 

lip 

Itp.m 

la. 

la.m 

8a 

8K.1I1 

0  a.m. 

7  a. 

Total     ( 
prodDO- 


11(7.4 
189 .9 
934.8 
1B8.0 
310.4 
ITO.S 
184.0 


Dec.  Itt-ia; 
Ta-m.  to 
ea.m.  1 


Total. . . 
Decl9-aO: 


Tablx  44. — Cofitinti«d. 


'    thermal     i 

auotlenC 
DOb-t-a). 


177.4 
14S.4 


.  11«.6 

.  165.9 

.  191.6 

,  197.8 


193.8 

.    158.6 

171.7 


.  149.1 
.  148.9 
.  180.1 
.   141.6 


Voirnne  a 
Q  afoirbon 
dioxide     < 
elimi- 
nated 


811.9      430.9 
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Metabolism  Experiment  No.  70. 

Metabolism  expeiiment  No.  70,  which  differs  from  those  previously  reported 
in  this  publication  in  that  food  was  eaten,  offers  opportunity  to  study  in 
connection  with  the  effect  of  inanition  upon  metabolism  the  effect  of  the 
subsequent  ingestion  of  food. 

In  order  to  accmnalate  data  in  regard  to  the  interrelations  of  fasting  and 
eating  on  metabolism,  eeveral  such  experiments  were  made,  the  subject  remain- 
ing inside  the  respiration  chamber  throughout  both  the  fasting  and  the  food 
periods.  Eiperimenta  Nob.  69  and  70  together  form  the  first  series  of  this 
tj-pe. 

After  4  such  series  of  experiments  bad  been  made,  however,  this  method 
of  obeerration  was  discontinued  for  the  following  reasons.  The  results  of 
a  large  number  of  experiments  had  shown  that  the  transition  from  the  fasting 
to  a  food  period  must  not  be  too  abmpt.  This  conforms  with  the  experience 
of  all  professional  fasters,  who  practice  a  gradual  transition  in  order  to  readjust 
their  bodies  to  the  digestion  of  food.  But  since  one  of  the  important  factors 
in  studying  metabolism  by  means  of  the  respiration  chamber  is  to  secure  a 
preliminary  condition  more  or  less  uniform  with  that  obtaining  during  the 
experiment  itself,  it  was  obvious  that,  on  the  transition  day  at  least,  the  meta- 
bolic processes  of  the  body  have  a  transitional  activity  between  that  of  complete 
fasting  and  of  full  digestion  of  food,  and  hence  the  processes  of  metabolism 
during  the  first  day  or  two  were  not  uniform.  Moreover,  it  became  apparent 
that  there  was  a  tendency  on  the  part  of  the  subjects  to  shorten  the  duration 
of  the  fasting  period  when  they  realized  that  after  the  fast  there  would  still 
remain  a  2-  or  3-day  stay  in  the  chamber. 

The  interpretation  of  the  results  of  metabolism  experiments  and  the  compn- 
tations  showing  the  material  katabolized  in  the  body,  the  proportions  of 
nutrients  absorbed  from  the  food  ingested  and  the  gains  or  losses  to  the  body 
may  be  made  according  to  many  methods.  In  the  fasting  experiments  the 
method  of  computation  is  relatively  simple,  as  the  only  factor  involved  is  the 
amount  of  material  actually  katabolized.  But  on  the  contrary,  when  food 
is  ingested,  and  especially  in  that  class  of  experiments  in  which  the  ingestion 
of  food  immediately  follows  fasting,  the  conditions  are  not  as  satisfactory  for 
employing  the  method  commonly  used  in  metabolism  experiments.  It  is 
commonly  assumed  that  when  a  metabolism  experiment  is  made  daring  which 
the  subject  is  subsisting  on  a  constant  diet,  the  contents  of  the  alimentary  tract 
are  in  general  constant,  i.  e.,  the  absorption  of  food  is  continuous  in  that  the 
proportions  of  ingested  protein,  fat,  and  carbohydrates  in  the  alimentory  tract 
do  not  indicate  marked  variations  from  day  to  day.  In  such  cases,  it  may  be 
assumed  that  at  the  beginning  of  the  experiment  and  at  the  end  like  conditions 
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obtain  in  the  alimentary  tract  as  well  as  in  the  tissues.  But  on  the  other  hand, 
in  the  esperimeiitB  in  which  food  is  ingested  after  faeting,  it  is  certainly  tme 
that  during  the  transitional  period,  there  is  unlike  absorption  from  the  ali- 
mentary tract,  and  probably  not  until  two  or  more  days  have  passed  will  the 
conditiona  be  comparable  to  those  of  the  ordinary  metabolism  experiment 

A  further  factor  enters  into  computations  of  this  nature  in  that  it  has 
commonly  been  assumed  that  the  chemical  elements  and  compounds  in  the 
feces  result  entirely  from  nnabsorbed  food.  This  is  equivalent  to  saying  that 
the  feces  are  not  a  true  excretory  product,  but  simply  residues  of  undigested 
food.  More  recent  research  is  showing  that,  with  certain  diets  at  least,  this  is 
far  from  being  the  case  and  that  the  compounds  in  the  feces  are  the  result  of 
metabolic  changes  just  as  surely  as  are  the  compounds  in  the  urine." 

Until  more  satisfactory  methods  for  distinguishing  between  the  undigested 
residues  of  food  in  the  feces  and  the  products  of  metabolic  changes  have  been 
developed,  no  other  alternative  presents  itself  in  these  computations  than  tA 
assume  that  the  materials  in  the  feces  are  undigested  food.  According  to  this 
assumption  the  actual  amount  of  material  absorbed  from  the  food  by  the 
body  is  the  difference  between  the  actual  weight  of  the  chemical  compounds  and 
elements  in  the  food  and  Hie  weight  of  the  corresponding  elements  and 
compounds  in  the  feces. 

It  is  commonly  accepted  that  all  the  compounds  in  the  urine  result  from 
metabolic  activity  and  yet  it  is  to  be  home  in  mind  that  preformed  extractives, 
such  as  creatinine,  may  be  excreted  in  this  manner  without  undergoing  a 
change. 

As  a  result  of  the  analyses  of  urine  and  respiratory  products,  as  well  as 
the  determinations  of  heat,  it  is  possible  to  determine  the  actual  katabolism 
in  the  body,  irrespective  of  the'  ingestion  of  food.  Having  determined  to  what 
extent  katabolism  has  taken  place,  it  is  then  proper  to  compare  the  ingredients 
of  the  absorbed  food  with  the  corresponding  materials  katabolized  and  see 
in  how  far  the  food  has  sufGced  to  replace  the  material  broken  down.  This 
comparison  will  also  serve  to  ^ow  whether  there  has  been  an  excess  of  food 
and  consequent  storage  of  material.  In  discussing  the  food  experiments  made 
in  connection  with  the  study  of  the  influence  of  inanition  on  metabolism,  the 
plan  will  therefore  he  adopted  of  first  calculating  the  amount  of  material 
katabolized  and  then  determining  to  what  extent  the  food  supplied  the  necessary 
material  for  katabolism. 

In  deciding  upon  a  method  for  recording  results  of  experiments  with  food, 
the  fact  was  taken  into  consideration  that  the  actual  katabolism  was  the  most 
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products,  this  katabolism  can  be  determmed  with  reasonable  accuracy  without 
the  introdQction  of  the  DnmerooB  errors  incidental  to  the  methods  of  compa- 
tation  involring  the  use  of  food  and  feces;  for  not  only  the  errors  in  the 
preparation  and  sampling  of  food  and  separation  of  feces,  bat  other  incidental 
errors  at  present  seemingly  inevitable,  creep  into  all  methods  of  computation 
in  which  analyses  of  food  and  feces  are  used.  Hence  it  may  be  said  that  by 
the  determination  of  the  actual  katabolism  from  the  analyses  of  the  urine  and 
respiratory  gases,  a  considerable  portion  of  such  errors  may  be  eliminated. 
The  statement  above  regarding  the  errors  incidental  to  the  treatment  of  food 
and  feces  affects,  however,  as  fully  in  this  as  in  any  other  method  of  compu- 
tation the  subsequent  comparison  of  the  absorption  of  food  with  the  katabolism. 

Experiment  No.  70,  which  continued  for  3  days.  Immediately  followed  the 
4-^ay  fasting  experiment,  No.  69,  and  began  at  7  a.  m.,  December  30,  1904. 

The  following  notes  from  the  diary  of  the  subject,  A.  L.  L.,  contain  practi- 
cally all  the  available  infonnation  concerning  bis  subjective  impressions: 


Jiotet  from  Oiary. 


sleep  until  about  12  and  aw<Ae  at  a 
little  after  3.  Tbe  only  real  satis- 
tactory  Bleep  I  had  for  the  reet  of 
the  nlgbt  was  an  hour  Just  before 
being  called. 
Dec  22,  1904:  ■ 


Dec.  20,  1904: 
Sat  on  tbe  bed  most  of  the  time;  didn't 
get  to  sleep  until  post  12  o'clock. 
Dec  21,  1901: 
Hy  eyes  were  In  such  a  condition  that  I 
was  unable  to  read,  so  lay   down 
most  of  the  evening.    Did  not  go  to 


Pulse- — The  pulse  rate  was  taken  by  the  subject  but  twice  during  this 
experiment.  At  8  a.  m.,  December  21,  tbe  pulse  rate  per  minute  was  86,  and 
at  10  p.  m.  of  the  same  day  it  was  88. 


/  movements. — ^The  records  of  body  movements  are  given  below. 


Movement*  of  ntbject.- 

-DuratUm,  S  Oayt,  from  Dec 

tO.T  D 

.  m.,  to  Dec.  tS, 

7  a.  m.,  ISOi- 

December  iO. 

P.M. 

P.M. 

X.U. 

12"  00- 

telephone. 

4»14- 

recline. 

T'OO" 

rise. 

12  02 

sit. 

4  20 

Bit. 

7  02 

weigh. 

12  04 

read. 

4   22 

read. 

7  OS 

flnlflh  weighing. 

12  18 

food  aperture. 

5   14 

telephone. 

7  10 

urinate,  dress. 

12   20 

drink. 

5   40 

telephone. 

12   22 

lie.  read. 

G   44 

food  aperture. 

7  20 
7   22 
7  26 

f«id  aperture, 
drink, 
read,  sit 

1   00 
1   02 

alt. 

food  aperture. 

G   4S 

5   52 

telephone, 
drink. 

1  03 
1   04 

urinate, 
read. 

G   G6 
7   02 

food  aperture, 
drink. 

7  48 

telephone. 

2  10 

food  aperture. 

7  03 

urinate. 

10  00 

telephone. 

2  12 

read. 

7  OS 

read. 

10  02 

food  aperture. 

8  12 

food  aperture. 

7  24 

food  aperture. 

10  04 

drink. 

3  18 

drink. 

11  04 

urinate,      undress. 

10  06 

lie,  read. 

3  24 

read. 

etc.,  retire. 

-No  record. 

Dioiiizeab,  Google 


IHTLVSSOE  OF  IKANITION  ON  MBT.&BOLiai£. 


A.Jt. 

4»20" 

drink. 

02- 

lie. 

7^00" 

rise 

4  24 

T«ad. 

24 

stop  reading. 

welgfc. 
dreM. 

7  00 

urinate. 

40 

read. 

7   14 

9  OS 

food  aperture. 

04 

stop  reading. 

7  IB 

nrinfttCL 

9   2G 

food  aperture. 

24 

He. 

7   20 

alt. 

11    00 

close    curtain,    un- 

36 

asleep. 

7  44 

telephone, 
erture. 

food  ap- 

drees,  etc,  retire. 
December  $t. 

00 

telephone,     rite. 

8  E4 

read. 

02 

9  02 

lie,  read. 

10 

recline. 

10  04 

Bit,  drink. 

7   04 

weigh. 

finish  weighing. 

22 

read. 

10  06 

He,  read. 

7  12 

38 

Bit,  food  ^pertnre. 

10  30 

telephone. 

7  14 

42 

drink. 

10  32 

Bit,   food 

apertnre. 

7   16 

dress. 

52 

recline. 

10  40 

lie,  read. 

7    S6 

food  aperture. 

08 

read. 

11  44 

Bit,  food 

aperture. 

8  00 

count  pulae. 

02 

alt,  urinate. 

11  60 

drink. 

8  18 

read. 

0« 

lie. 

P.M. 

9  18 

lie,  read. 

14 

telephone. 

12»02- 

read. 

10  26 

Bit.  food  aperture. 

30 

close  curtain. 

1  00 

telephone. 

Bit,  nrl- 

10  32 

drink. 

40 

nate. 

10  34 

He. 

1  04 

read. 

10  38 

read. 

8 

43 

food  aperture. 

3  02 

telephone. 

P.M. 

10 

00 

read,  connt  pulse. 

8  04 

write. 

1»02- 

sit,  urinate. 

11 

00 

close  curtain,  uri- 

S 08 

read. 

1   40 

food  aperture. 

nate,  undress. 

4   IS 

food  aperture. 

1  42 

drink. 

etc.,  retire. 

Tablb  4G.— Aeconf  of  Koter  cotuwned—MetabolUm  erpetintent  No.  70. 


Date. 

Period  durinK  which  wsUr  wu  ooiuum«Kl.< 

7toV 

•  toll 

11a.m.  to 

Stot 

Total 
for  day. 

igOL 

Dec.  80-21 

Dsc.  2i~sa 

Dee.  8»-88 

Oram*. 
18S.1 
108.7 
114.7 

CFraau. 

807.3 
89S.S 

Oram*. 
19.8 

°™?.. 

ffromt. 
189.0 
811. 0 
344. 0 

Drinkiag-tDater. — ^The  diet  dnring  tlxis  experiment  contained  a  conaiderable 
proportion  of  milk,  which  probably  accoimta  for  the  fact  tiiat  the  amount  of 
water  conBomed  was  small.  The  actual  amonnta  per  day  and  the  estimated 
amounta  dmnk  during  those  S-hour  periods  when  water  was  taken  are  given 
in  table  45. 


The  uenal  system  of  collecting  the  nrine  i 


)  continned,  and  ench  deter- 
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DM*. 

Period. 

Amount. 

m 

Bproiao 
8i»vlW. 

{a+6). 

BMOtioo. 

NiUo- 
gen. 

Dm.  SO-31. 
D«c.  21-93. 
Dbc.  33-38. 

7  %.m.  to  1  p.m. 
1p.m.        7  p.m. 
7  p.m.       11p.m. 
11p.m.         7  a.m. 

Oram*. 
8B0.« 
883.4 
U9.7 
148.  S 

1.018B 
1.0140 
1.030S 
1.03S0 

'848 
877 
147 
144 

Oram*. 
3.8V 
S.US 
9.43 
8. 00 

....do 

"ieii'.'.'.'.. '.'.'.'. 

1081. S 
1081.5 

i.om 

1014 
1014 

18.04 
13.99 

Total  b7   com- 

P«lt« 

7  a.m.  to  1p.m. 
1p.m.         7  p.m. 
7  p.m.       llp.m. 
11p.m.        Ta-m. 

"^IM.iT 
81 8. B 
195. < 
184.7 

i'.6i3o~ 

1.0146 
1.0170 
1.0380 

i9r 

509 
193 
181 

1.31 
4.S4 
3.09 

3.37 

....do 

....do 

....do 

1049.1 
10*3.7 

1.0165 

1038 
1086 

9.84 
9.7!1 

ToUl   by  com- 

7  a-m.  to  1  p.m. 
1p.m.         7  p.m. 
7  p.m.      11p.m. 
U  p.m.         7  a.m. 

178.0 
918.8 
98  .B 
188.1 

1.0320 
1.0385 
1.0280 
1.0S60 

174 
911 
01 
183 

3.53 
8. IS 
1.71 
3.71 
10.15 
10.  IT 

....do 

....do 

....do 

894.7 
834.7 

1.0370 

808 

eoe 

ToUl  bj  com. 
polite 

Total,  8  daya.... 

3898.9 

9848 

88.08 

(a)  Walgb  ( grami . 

(S)   Watar do.. 

(e)    Sollda,  tt—b do.. 

W)  Alb do.. 

(<]  Organic  matter,  c—<i do.. 

If)  Nitrogen do. . . 

(g)  Carbon do.. 

(A)  Hydrogen  Inorgantc  matter do. . 

U)  Oxygen   (by   dlCTerence)   In   organic 

matter,  <— (/+y  +  A) grama. 

U)  Pboipbami do. . . 

ik)  Phoipboilc  acid  by  fnalon  (P,0,).  .do. . 

W   Snlpbnr do.. 

(m)  Snlpbnr  trioitde  (30,) do. . 

(n)  Heat  of  combnitlon calorlei. 


1081.5 
991.87 
40.18 


1049.7 
1007.04 
88.88 
0.88 
99.80 
9.84 
7.61 
1.83 

10.07 
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BumKAiioN  OF  Watd-Takw. 

The  total  water  of  reepimtioii  and  perspiration  is  tabulated  in  table  48. 

Contrary  to  the  reeultB  usually  obtained  in  fasting  experiments,  there  is  an 

increase  from  one  day  to  another  in  the  water  eliminated.     The  relatiTe 

htunidi^  may  be  obtained  by  the  method  previously  explained. 


experiment  No.  70. 

Date. 

Period. 

T^'tal 

.1 

period. 

Total 

and 
penpl- 

laUon.' 

Data. 

Period. 

(a) 
Tot«l 
sm-Dt 

lit'- 

at  end 

P.S,. 

(b> 
Total 

If 

-*: 

safe 

IMM. 
D«.  SO.... 
Deo.  SO-ai. 

Dec.  21-33. 

Frellmloaij: 
5a.m.toTft.m. 

Oram*. 

Dee.  31-^33. 
Dec  33-93. 

7  p.m.  to  9  p.m 
9  p.m.   11p.m 

Up.m.      la.m 
1a.m.      8a.m 

8  a.m.      Sa.m 
Sa.m.     7a.m 

Total 

7a.m.to9a.m 
9a.m.    ll».m 

11a.m.  lp.m 
lp.m.  Sp.m 
8  p.m.  Bp.m 
Sp.m.  7  p.m 
7  p.m.  9p.m 
»p.m.    11  p.m 

np.m.  la.m 
1a.m.  8«.m 
Sam.  Ba.m 
fia.m.  Ta.m 
Total 

48.7 
46.1 

ir.9 

42.0 
86.  B 

88. S 
95. S 
9B.8 
83.9 
78.6 

7a 
9b 

11 

lip 
la 
3a 
5a 

m.to9a.m. 
m.    11a.m. 
m.      1p.m. 
m.     8  p.m. 
m.     Bp.m. 
m.      7p.m 
m.     9p.m 
m.    11p.m. 
m.     l>.m 
m.     8  a.m 
m.     Sa.m 

88.7 
89.9 
SB. 9 
41.7 
88. 9 
87.8 
87.8 
87.8 
40.0 
48.1 
89.7 
88.9 

78.0 
66. S 
67.0 
«9.1 
64.6 
71.0 
85. » 
66.7 
7a. 6 
90.9 
70.6 
04.3 

1008.8 

40.4 
39.1 
89.  S 
86.9 
88.8 
46.7 
81. 1 
43. B 
6B.S 
S4.0 
47.0 
89.3 

88.8 
79.8 
76.9 
70.5 
60. V 
97.9 
lOB.O 
86. « 
108.9 
110.5 
90.1 
81.1 

Total 

7B.m.toea.m 
9a.m.    ltB.m 
11a.m.      lp.m 
1p.m.     8p.m 
8  p.m.     Bp.m 
Bp.m.      7  p.m 

840.8 

87.7 
37.8 
88. S 
8«.7 
40. S 
44.7 

75.7 
73.8 
71.8 
18.1 
81 .9 
90.3 

1069.1 

>  Allowan 

llow 

■   1K«D  mud 

'  so-'ai 

) 

"VS,? 

S.-S.SSb 

e*r  21132.  30^ 

nd  mis 

'SSS 

EUMiNATioN  OF  Cabbon  Dioxidb  and  Absobptioi*  of  Oxtqkk. 

The  data  indicated  by  this  beading  are  reported  in  table  49.  The  continual 
daily  increase  in  the  amoonte  is  noticeable. 

Material  iatabolized  in  the  body. — Although  food  as  well  as  water  was 
ingested  in  this  experiment,  the  computations  by  which  the  materials  kata- 
bolized  are  obtained  at«  in  no  wise  different  from  those  in  experiments  without 
food.  The  reason  for  this  method  of  computation  will  appear  from  a  con- 
sideration of  the  status  of  water  drunk  in  fasting  experiments.  As  has  already 
been  explained,  in  the  latter  type  of  experiment  the  computations  omit  water 
from  the  intake  because  only  the  oxygen  ia  capable  of  entering  into  chemical 
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combination.  lAter  a  comparison  is  made  to  show  in  bow  far  the  water  drunk 
compensated  for  the  outgo.  So,  too,  in  food  experiments  the  food  is  considered 
independently  from  katabolisni;  and  the  attempt  is  made  to  show  to  what 

Tabu  49. — Record  of  carbon  iioxlde  and  oxyjrm— Vetabollam  ezperlmenf  No.  70. 


Date. 

Culx»  dloddcL 

Om«.            1 

F*rted. 

sJ^.u, 

T?i, 

^^n'fitio 

T^ 

ol.>mI»r 

weiKht 

ehuDbv 

■t  Old  of 

fliluled 

■tend  of 

p«iod. 

by  „bi»t. 

iwiod. 

bynibJMt. 

1«0«. 

Preliminaiy: 

OfMU. 

OmH. 

Liltrt. 

Of^m.. 

Deo.  20 

Dec.  20-21... 

5  a,  m 
7  a.  m 

to    7  a.  m.. 
to    9  a.  m. . 

39-1 

907,3 

33.5 

63.6 

913.5 

63.4 

e  a.m 

11  a.  m.. 

51.2 

60.1 

899.5 

66.9 

11  a.  m 

1  p.  m . . 

38.0 

55.5 

S9S.4 

54.1 

1  p.  m 

3  p.  m . . 

55.6 

59.7 

882.0 

67.2 

3  p.  m 

5  p.  m. . 

39.1 

57.2 

889.4 

51.7 

6p.m 

7  p.m.. 

33.0 

60.1 

888.3 

59.6 

7  p.  m 

e  p.  m.. 

37.3 

60. 0 

881.7 

66.2 

9p.m 

11  p.m.. 

30-8 

53.5 

878.6 

52.8 

11  p.m 

1  a.  m. . 

28.8 

51.4 

871.5 

49.3 

1  a.m 

3  a.  m. . 

26.8 

49.1 

871.1 

48.9 

3  a.  m 

6  a.  m. , 

28.0 

41.6 

878.1 

37.0 

Dec.  21-22. . . 

5  a.  m 

7  a.m.. 

22.0 

41.1 

907.0 

36,4 

Total 

7  a.  m.  to    9  a.  in.. 

652.9 

622,4 

36.7 

66.5 

S10.6 

70.4 

9  a.m 

11  a.  m.. 

31.3 

68.0 

918.1 

64.2 

11  a.m 

1p.m.. 

33.0 

927.1 

66.6 

1  p.m 

3  p.m.. 

30.0 

57:3 

941.0 

53.6 

3p.m 

5  p.  m. . 

33.7 

65.4 

956.2 

84.2 

5  p.  m 

7p.m.. 

31.8 

65.3 

963.4 

69.1 

7  p.  m 

9  p.  m. . 

32.6 

62.9 

966,6 

62,6 

9  p.m 

11p.m.. 

33.5 

63.6 

973.2 

69.2 

11  p.  m 

I  a.  m. . 

31.4 

54.9 

974.7 

63.6 

1  a.m 

3  a.  m. . 

26.5 

45.6 

972. 6 

35.3 

3  a.  m 

5  a.m.. 

26.8 

44.6 

981.2 

41.4 

Dec.  22-23. . . 

£  a.  m 

7  a.  m.. 

22.0 

42.6 

984.6 

41.2 

TotaJ 

7  a.m.  to    9  a.  m.. 

685  6 

671,2 

38.2 

72.5 

972.6 

74.0 

9  a.m 

11  a.  m.. 

34.1 

63.3 

974.4 

68.0 

11  a-m 

1  p.m.. 

35. g 

66.9 

961.6 

60.2 

1  p.m 

3  p.  m. , 

38.1 

63.8 

960.7 

66.4 

3  p.  m 

5p.m.. 

32.2 

63.3 

963.7 

62.2 

5  p.m 

7  p.  m. . 

34.5 

73.4 

946.0 

72,6 

7  p.m 

ep.m.. 

40.2 

72.6 

926.4 

67.9 

9p.  m 

11p.m.. 

34.1 

60.8 

941.2 

63.9 

lip.  m 

1  a.m.. 

34.6 

64.3 

913.0 

62,0 

1  a.  m 

3  a.  m  . 

31.8 

57.0 

018.6 

48.2 

3  a.  m 

5  a.  m.. 

34.7 

010.0 

62.9 

6  a.  m 

7  a.  m. . 

29.8 

m.6 

925.0 

43.8 

Tot 

al 

777.4 

732.9 
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extent  tiie  food  retrieves  material  lost  from  the  body.    Hence  oxygen  in  the  air 
is  here  considered  as  the  sole  source  of  income. 

Tabu  60. — Elem»KU  katabolited  in  body— Jftflaboltnt  9sper1me»t  No.  70. 


^ 

"Br 

A 

Firttday,D«e.eO,lS04- 
Outao: 

Oramt. 

622.40 

Gnmt. 

Ofwmt. 

Onmt. 

Onm*. 
622.40 

Ormf. 

991.37 
40.13 
840.30 
052.86 

1304 

178 '65 

110.94 
2.37 
94.03 

880.43 
11.31 
746.27 
474.81 

i.bi 

Solidflinurine 

2524.66 
1902.26 

13.04 
13.04 

186.92 
186.02 

207.34 
207.34 

2112,82 
1490.42 

ASA 

4.64 

Loaa 

Second  daji.  Dee.  tl,  I904. 
Inoome:  OxygcD  from  air 

671.26 

671.25 

1007.04 

35.66 

1002.78 

685.63 

oIm 

7  lei 
18?! 66 

112.69 

1.88 

112.21 

894.35 
10.07 
890.57 
498.63 

h'.M 

Solids  in  urine 

Water  of  Pespiration ' 

2731.11 
2059.86 

0.84 

9.84 

194.61 
194.51 

226.78 
226.78 

2293.62 
1622.37 

6.36 
6.36 

Third  daji.  Dee. «,  IBO4. 

Inoome;  0]^gen  from  air 

Outco: 

732.88 

732.89 

686.16 

38.64 

1059.07 

777.43 

io^ie 

8!i2 
212;63 

65.59 

2.00 

118.61 

520.67 

9.34 

940.56 

565.40 

sigs 

Solids  murine... 

Carbon  dioiide 

2461.20 
1728.31 

10.15 
10.15 

220.16 
220.16 

186.10 
186.10 

2036.87 
1302.98 

8.93 
8.93 

'  iDdodea  also  water  of  peraplratloii. 

Table  61.— £I«menti  amt  materiaU  ftotobolteed  In  body— Iftftoboliim  eeperfmenf 

So.  70. 


Date. 

(0) 
NItro- 

(6) 
Carbon. 

Hydro- 
sen. 

(■1) 
Dry. 
gen. 

Water. 

Pioteln 

(IT) 
Fat. 

(asflfTO- 

«OIl). 

A»h. 

IKM. 

Dm.  80-31.... 

Dm.  31-23.... 

Dec.  Sa-88..., 

ToUl,8d*;i. 

Ira- 

9.  al- 
io. IB 

Onm*. 

188.98 
194. SI 
330.ie 

Orom», 

ao7.s* 

338.78 
186.10 

Oram: 
1490.42 

1823.87 
1S03.H8 

1785.64 
1370.81 

Oramt. 
78.84 
69.04 

80.  BO 

Hmmt. 
168.69 
198.87 
188.90 

Onmt. 
68.46 
85. BB 

»e.go 

Oram*. 
4.64 
8.3B 
8. US 

88.08 

801.68 

030.33 

4116.77 

.,.,.,. 

198.18 

641. SB 

192.31 

19.88 

The  results  for  the  total  mftterials  katabolized  expressed  as  chemical  elements 
are  given  in  table  50,  and  in  table  51  the  corresponding  body  compounds  are 
shown.  It  is  important  to  remember  in  interpreting  these  tables  that  no 
account  has  as  yet  been  taken  of  the  materials  in  the  food  or  drink. 
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Odtpdt  of  Hmat. 

The  total  heat  production,  together  with  the  data  from  which  it  is  computed, 

is  recorded  in  table  62,    The  steady  increase  in  the  heat  piodnctioQ  during 


MM. 

Period. 

<a) 

B«at 

and  IQ 
terms 

<6> 
H«at 

Sumot 
beat 
correo- 

tlOBft.1 

pTOdUO- 

W+li+e). 

Dm    80-31*'      

Calorie*. 
172.« 
183. e 
139.3 
m.fl 
U9.S 
161.8 
148.4 
133.4 
118.6 
113.8 
119.1 
98. B 

OaloritM. 

Caloriei. 

-  6.0 
+  13.9 
+  31.3 

-  8.7 
+    8.0 
+   8.1 
+   6.0 

-  1,6 
+  19.3 
-17.8 

-  0.8 
-10.6 

311. S 
186.8 
188.9 
1TI.9 
198.4 
196.9 
193.1 
170.1 
176.6 
148.1 
153.9 
190.1 

Qft. 
Ilk 
IP 

n 

»p 
lip 

la 

8  A 

6» 

DL 

m 

in 
m 
m 

11  •-m 

IP™ 

8p.m 

JP'" 

'Pm 

9  pm 

llP-m 

1  ».m 

Bi-in 

6».in 

7».m 

at 

8» 
88 
38 
41 
38 
39 
43 
68 
41 
37 

To 

isvs.e 

494 

+  18.9 

3108.8 

1&6.3 
131.8 

iia.o 

1S5.0 
143.8 
141.9 

ieo.4 

138.9 
1S9.1 
103.0 
100.8 
98.7 

43 
41 
40 
41 
47 
61 
68 
50 
64 
63 
4S 
43 

1 

+  34.0 
+  13.8 
+  16.0 

-  0.8 
+  17.8 
+  39.6 
-38.6 

-  6.1 

-  0.1 

-  8.6 

-  6.6 
+  18.3 

838.0 

m.a 

179. 8 
196.4 
806.9 
338.8 
189.9 
1B8.5 
198.6 
106.1 
149.4 
154.0 

eft.m 
11  M.ta 
lp.m 

HZ 

11  p.  m 
lft.m 
S*.m 
Slid 

lla.m 

Ip-m 

8P"' 

Spm 

Tp.m 

>U;I::::: 

1  B.m 

5*.m 

1ft.m 

Tot 

1571.0 

676 

+  76.8 

9333.4 

170.1 
136. « 
131 .0 
143.8 
146.3 
1S6.0 
184.3 
149. a 
183.1 
168.9 
ISO.S 
148.8 

49 
49 
48 
39 
B9 
66 
80 
49 
09 
83 
61 
46 

-11. 6 
+  37.7 
+  84.4 
+  80.9 
+  18.7 
+   8.0 
+  34.8 
+   8.4 
+  18.1 
-86.0 
-  9.6 
-80.6 

307.7 
168.8 
198.8 
317.4 
198.3 
314.9 
348.0 
800.9 
909.8 
187.3 
339.0 
163.0 

11  k 
IP 

8p 

'p 

9p 

up 

1  * 
B  » 
6%. 

m 
m 

m 

m 
m 

ll».in 

IP-M 

8p-™ 

Op-m 

'p™ 

8pm 

"P-in 

1  •-m 

BLm 

7  ».m 

1788.7 

+  60.0 

3450.0 

<  See  pp.  4»-4>. 

the  3  days  of  the  experiment,  which  is  folly  in  accord  with  the  similar  increase 
obsenred  in  the  carbon  dioxide  and  water  output  and  oxygen  consnmption,  is 
an  added  indication  of  increased  katabolism. 
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Balasck  ot  Bn>fiT. 
'Recogaising  that  the  energy  derived  was  from  body  material  nther  ttian 
from  food  (for  it  is  commonly  aaenmed  that  the  protein,  fats,  and  carbo- 
hydratee  of  onr  diet  must  firet  be  transformed  into  body  fluid  or  body  tisBne 
before  they  are  oxidized),  an  energy  balance  may  be  obtained.  In  accordance 
with  thiB  asBumption  it  is  proper  to  compare  the  heat  production  with  the  total 
heat  of  combustion  of  body  materials  oxidized  (making  allowance  for  the 
incomplete  oxidation  of  protein)  in  food  experiments  exactly  aa  in  experi- 
ments without  food.  Such  a  comparison  is  given  in  table  53.  The  total  heat 
production  when  compared  with  the  total  computed  heat  resulting  from  the 
katabolism  of  body  material  shows  an  agreement  which  is  in  the  main  very 
satisfactory. 


Dtte. 

Bnergr  derived  from  differ* 

nt  aoaroea. 

ioi 

Total 
tlon. 

From  body  protein. 

(d) 

From 

cn 

Toul 

ass. 

Ilied. 

Potao- 
tlsl 

.„,„ 

urine. 

(0) 

Net 

(ft) 
Amouot 

i/-au 

portion 
(h+0). 

D«.8Sl21.... 
D«!.  31-32.... 
Dec.  a2-38.... 

Total,  Sdaji- 
At.  p»  d.j.. 

CaU. 
442 
8S4 
844 

Oatt. 
108 

HI 

Cob. 

339 
302 
2S3 

Cat*. 
laiH 
1860 
1B09 

Oolt. 
987 
ISl 
419 

Oat*. 
a089 
8208 
3474 

2104 
2928 
2407 

CaU. 
-10 
+  80 

+  17 

Ffrtt. 
-0,7 
+  1.8 
+  0.7 

1120 
87S 

276 
93 

844 
381 

0105 

i7aa 

807 
309 

6810 
8279 

6TS4 
3361 

+  88 
+  11 

+0.6 

The  computation  of  the  ratios  between  the  respiratory  gases  and  the  heat 
production  is  made  precisely  as  in  a  fasting  experiment.  The  results  are  given 
in  table  54.  The  agreements  between  the  different  periods  are  reasonably 
close  with  the  exception  of  the  abnormally  low  quotient  0.665  ( !)  found  in 
the  Mtii  period  of  the  second  day.  No  adequate  explanation  of  this  discrepancy 
has  as  yet  appeared. 

EFFECT  OF  INGESTION  OF  FOOD. 
Havinff  considered  the  katabolism  of  body  material,  it  is  next  nrooer  to 
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small  qnanti^  of  plasmon  (a  milfc  product).  The  milk  used  was  "  modified  " 
by  a  large  admiztnre  of  cream,  and  separate  analyses  of  it  were  made  eadi 
day. 


(o) 

a» 

{«) 

(d) 

(«) 

(/) 

<aJ 

Be-' 

Dat*. 

pBriod. 

Total 
produo- 

OiygM 

OiT- 

S 

OKTbOD 

dlox- 

dloilde 

Volume 
□iraren 

tlon. 

asr. 

IWt«d. 

£ 

s'ffik 

asst 

llOOb 

+0). 

.ffiu 

(bxO.7). 

(/+0) 

1901. 

Cat*. 

Oramt 

Oram*. 

uteri. 

Liter*. 

Dm.  aO-Bl. 

7  s.m.  to  9  ft.m. 

311.5 

08.4 

80.0 

63. B 

80.1 

83.4 

44.4 

a. 78 

»  ■.m.     11  k.m. 

185.8 

66 

B 

SO 

80.1 

83 

80 

88. 8 

.77 

11  ».m.       1  p.Di. 

183.  B 

54 

1 

39 

56.6 

80 

38 

87.8 

.76 

1  p.m.       8  p-B. 

1T1.8 

67 

8 

88 

69.7 

84 

SO 

40.0 

.76 

Bp-m.      5  p.m. 

190,4 

51 

7 

36 

57,3 

9B 

86.3 

.81 

6p.iii.       7  p.m. 

190. 3 

69 

6 

80 

60.1 

80 

80 

41.7 

.78 

7  p.m.       Bp.m. 

198.1 

50 

8 

99 

«D.O 

81 

80 

89.4 

.78 

Bp.m.     11  p.m. 

170.1 

68 

8 

81 

58.fi 

81 

91 

87.0 

.74 

11  p.m.      1  k.m. 

m.5 

49 

8 

37 

51.4 

39 

30 

84.5 

.78 

1  <Lm.       S  Lm. 

H8.1 

48 

6 

88 

49.1 

83 

36 

84.9 

.78 

8  ».m.       S  Lm. 

103.9 

87 

0 

34 

41.0 

87 

31 

36.9 

.83 

Dec.  31-83. 

0  %.m.      7  ft.m. 

Total 

7  ».m.  to  3  K.m. 

lao.i 

85 

4 

39 

41.1 

84 

30 

34.8 

.84 

3108.8 

6S3 

*_ 

ii 

663.9 

"bT 

laT 

485.7 

.78 

938. G 

70 

■7 

81 

s 

66.6 

8B 

SB 

49.8 

.69 

B«.m.     11  *.m. 

175.9 

54 

9 

80 

68.0 

38 

39 

87.9 

.78 

11  ..in.      1  p.m. 

179. 8 

56 

5 

81 

6H.B 

S9 

80 

86.6 

.76 

Ip-m.       8  p.m. 

190.4 

68 

6 

97 

67.8 

39 

SB 

87.6 

.78 

8  p.m.       6  p.m. 

a0fl,9 

S4 

3 

40 

86. 4 

81 

88 

68.9 

.67 

Bp.m.       7  p.m. 

938.8 

59 

I 

SS 

66.8 

3B 

88 

41.4 

.80 

7  p.m.       B  p.ia. 

189.  B 

S3 

S 

88 

68, B 

38 

83 

48.8 

.73 

9p.m.    11  p.m. 

lS8.fi 

6B 

3 

83 

68.8 

84 

S3 

41.4 

.78 

11p.m.       Irm. 

198.9 

58 

5 

3T 

54.9 

38 

37 

87.4 

.76 

1  ».m.      8  ..m. 

166.1 

86 

a 

33 

45.6 

3B 

33 

34. T 

.94 

3  ..m.       6  ».m. 

143.4 

41 

4 

99 

44.8 

81 

83 

39.0 

.78 

D«.  83-38, 

5  >.m.      7  t.m. 

Total 

7  m.n.  to  B  *.m. 

164.1 

41 

8 

96 

43.8 

87 

81 

38.  B 

.75 

8838.5 

671 

3 

30 

686,8 

30 

849 

469,9 

.74 

907,8 

74 

0 

85 

79.5 

34 

86 

61.8 

~jr 

»..m.     ll».m. 

198.8 

68 

0 

9V 

68.8 

81 

S3 

40.6 

.80 

11  Lm.       I  p.m. 

198.8 

60 

9 

80 

66,9 

38 

84 

48.1 

.81 

1p.m.      8  p.m. 

917.4 

66 

4 

86 

68.6 

39 

83 

89.6 

.88 

8  p.m.       Bp.m. 

198. 3 

68 

8 

81 

88.8 

81 

33 

48.6 

.74 

»p.m.       7  p.m. 

914. B 

78 

5 

SB 

7B.4 

34 

87 

60.7 

.74 

7  p.m.       Bp.m. 

348.6 

6T 

9 

87 

73. S 

3B 

37 

47.6 

.78 

flp.m.     llp.m. 

300,9 

03 

B 

68.8 

88 

84 

44. T 

.76 

309.5 

68 

B 

80 

64.8 

80 

83 

44.0 

.74 

1  I'm!       8  ^m. 

187,9 

48 

S 

36 

67.0 

80 

89 

38. S 

.86 

8  ■L.m.       5  ».m. 

338,0 

63 

B 

as 

69.9 

87 

30 

44.0 

.69 

5  ^m.       7  ».m. 
Tot.1 

168.0 

48 

8 

38 

68,6 

85 

97 

80.7 

.83 

8460.6 

783 

B 

39 

T 

777.4 

81 

6 

SB5 

8 

613.0 

.77 
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Analysis  of  food  and  feces. — The  feces  for  the  whole  eiperimental  period 
irere  mixed,  sampled,  and  analyzed.  Determinations  of  the  water,  fat,  ash, 
nitrogen,  carbon,  hydrogen  in  organic  matter,  and  heat  of  combustion  of  food 
were  made  on  weighed  portions  of  fieeh  maferiaL  Analyses  of  the  composite 
sample  of  feces  were  made  after  the  material  had  been  partially  dried.  Protein 
was  computed  from  the  nitrogen  by  means  of  the  factor  6.S5,  and  the  carbo- 
hydrates were  estimated  b;  difFerence.^  The  percentage  composition  of  the 
food  and  also  of  the  feces  is  given  in  table  55. 

Weight,  composition,  and  heat  of  combvstion  of  food  and  feces. — Prom  the 
weight,  percentage  composition,  and  heat  of  combustion  per  gram  of  food  can 
be  found  the  total  amounts  of  water,  elements  and  compounds,  as  well  as  the 


(«} 

W 

«i) 

M) 

(•) 

(/) 

(ff) 

<k) 

,f2. 

lAbo- 
ntOTT 

ber. 

IMto. 

Kind 
matorUl. 

W»ter 

Pro- 
tein. 

Pet. 

ST 

A«h. 

Nitro- 
gen. 

C*r- 
boo. 

& 

P  ft 

P  ft 

p« 

S8O0 

n.li 

8.00 

*.56 

8807 

Dec.  SO-91 

»nd  31-38.. 

,..do 

JS.it 

8.00 

18. M 

4.8S 

0  01 

0.« 

18.603.10 

1.698 

8S0S 

Dee.  9A-SS.. 

...do 

18.90 

B.oe 

18,  *l 

4.40 

0.8! 

0.41  [8.8713.05 

1.698 

8T73 

Dec.  20-33. . 

PlMmoB. 

9.60 

74.  M 

0.16 

e.ss 

K  81 

11   IK 

14.  SI  6. 14 

4.839 

8809 

Dec.  30-38.. 

Fecee. . . . 

86.80 

8.71 

83.67 

■0.88 

O.bU 

19.758.18  n,447  1 

'  Aah  1)7  difference.     See  note  below. 

potential  energy,  i.  e.,  heat  of  combustion.  Similar  computations  can  be  made 
for  the  feces.    The  results  for  both  food  and  feces  are  given  in  table  66. 

The  total  quantity  of  protein  in  the  food  fumiahed  per  day  ranged  from 
53.31  to  53.76  grams,  while  the  energy  varied  from  2669  to  3586  calories.  An 
inspection  of  the  total  amounts  of  material  in  the  diet  shows  that  the  amount 
of  food  was  practically  the  same  for  all  three  days. 

The  feces  were  characterized  by  an  abnormally  high  fat  content.  The 
significance  of  this  feature  will  receive  special  discussion  later. 

Elements  and  materials  absorbed  from  food. — This  experiment  continued 
for  3  days,  butj  no  feces  were  passed  until  the  third  day,  when  119.2  grams 
were  separated  and  dried  for  analysis.  After  the  subject  came  out  of  the 
respiration  chamber  the  feces  were  saved  until  the  appearance  of  the  lamp- 
black  taken  with  the  first  meal  after  he  left  the  chamber,  when  the  usual 
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separation  between  the  eolorcd  and  imcolored  pordons  of  the  feces  was  made. 
The  total  weight  of  fresh  feces  asenmed  as  resulting  from  the  food  coDBomed 
dnriog  the  3  days  of  the  experiment  was  183.9  grams. 

Although  these  feces  were  not  passed  in  3  equal  daily  amounts,  it  is  here 
assumed,  as  is  customary  in  experiments  of  this  nature,  that  the  total  feces 
Aonld  be  apportioned  equally  among  the  3  days  of  the  experiment.  Such 
an  apportionment  is  especially  fitting  in  tiiis  particular  experiment,  because 


Date  and 
kind  of 
material. 


g«a.  illlIoT-  hus- 


19IM. 

Deo.  »-tL 

Milk 

Milk 

PlaimoQ . . 


1S30.10 

888.80 

S.OO 


tihn*. 
1044. 7S 
set. 11 


PlaamoD  . . . 
Total  for  da;. 

D»e.  U-a, 

Hllk 

Flaimon.. . 
Total  for  da;. 

S80Q|Total,S  d*ri. 
per  daj. 


1350.1047,80316.06 


am: 
IM.78 

46.18 
0.01 


169.76 
44.03 
3. SI 


ail.87|  7B.41 


147,80316.06 
l|  6.96         .01 


1350. 8968. 76316-0(1    69.86 


14.67^8.9] 
O.eil  4,64 


314.83  70.88 


266. 38.^3. 66f314. 83    70.76 


64  38.96178.493686 


76  0.38 
.44  33.16! 


86.13  5.79  6.97  448 
1S.0«  1.91   9.89   149 


>  Aab  bj  diSereace.    Sea  footnote  p.  96. 

the  kinds  of  food  are  the  same  and  the  amounts  are  practically  the  same 
for  each  of  the  3  days. 

Proximate  and  ultimate  analyses  of  the  food  and  feces  fumi^  data  r^ard- 
ing  the  amountB  in  each  of  water,  fat>  carbohydrates,  ash,  nitrogen  (protein), 
carbon,  and  hydrogen.  If  it  be  assumed,  then,  that  the  feces  represent  the 
material  of  unabsorbed  food,  the  actual  amoonts  absorbed  by  the  body  from 
the  food  of  each  day,  determined  either  in  terms  of  the  compounds,  protein, 
fat,  carbohydrates,  and  water,  or  in  terms  of  chemical  elements,  may  be  found 
by  deducting  the  weights  of  the  elements  or  compounds  in  the  feces  from  the 
weights  of  corresponding  elements  or  compounds  in  the  food.  It  is  customary 
to  consider  the  material  absorbed  from  the  food  in  term^s  of  protein,  fat,  and 
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carbohydrates,  bat  it  eeemB  reasonable  to  believe  that  food  protein,  food  fat, 
and  food  carboliydrate  before  bdng  katabolized  are  first  conrerted  into  body 
protein,  body  fat,  and  body  carbohydrate.  For  this  reason,  the  chemical 
elements  determined  in  the  absorbed  food  are  combined  into  body  protein,  body 
fat,  and  body  carbohydrate  by  means  of  the  formnlffl  given  on  page  38.  In 
brief,  it  may  be  said  that  the  elements  of  the  absorbed  food  ore  transposed  to 
terms  of  body  material.  Though  it  ia  practically  the  same  as  has  been  explained 
on  page  37,  an  example  of  the  method  of  performing  the  transposition. 

Tabu  E7. — IlhutratUM  table  ihotoUtff  oom-putatloni  of  eUmenti  and  materiaU  oA- 
torbed  from  fooi — MetabolUm  expmiment  No.  70 — Firtt  day,  Deeember  tO, 
1304, 


iS. 

(b) 
Mttnweo. 

CaibOD. 

(d) 
nyarog«a. 

Oirren. 

Food  uid  driDk: 

Solids  In  rood... 

Wfttar  Iq  food. . . 

W«t«r  In  drink.. 

Tot«L 

Tee«a: 

Oramt. 

861. 8T 
1S0S.88 

189.00 

Oramt. 
B.Si 

Oram*. 
818.90 

Ormmt. 
88.70 
146.18 
16.6a 

OraM.. 

81.45 
1160.15 
198.46 

10.98 

1798. » 

8.M 

816.90 

196.48 

1865.05 

10.98 

90.t9 
40.48 

o.se 

19.04 

1.91 
4.68 

9.88 
86.95 

8.86 

ToUL 

40.07 

0.80 

18.04 

6.44 

88.87 

8.86 

1785. n 
49.06 

iM.es 

78.10 

1414. 7B 

<.37> 

8. IS 
B.18 

804.86 

96.91 
146.01 
88.40 

188.99 

8.44 

31.78 

4.68 

168.81 

1816.76 

...8. 

98.81 

86.11 

1956.48 

7.19 
0.7B 

i'.kv 

ToUL 

1786.98 

S.18 

ao4.9e 

189.01 

1896.84 

7.18 

m  of  bodr  nMterUl. 


■Anh  ot  protein  dcdnctcd. 


together  with  the  mathematical  check  upon  the  accuracy  of  the  computations, 
is  shown  in  table  57. 

On  the  first  day  of  the  experiment  according  to  these  computations  there 
were  absorbed  from  the  food  8.18  grams  of  nitrogen,  304.86  grains  of  cartxm, 
188.99  grams  of  hydrogen,  1386.78  grams  of  oxygen,  and  7.13  grams  of  ash. 
From  the  weights  of  elements  absorbed  and  by  means  of  the  fonnuls  given  on 
page  38  the  corresponding  weights  of  body  protein,  fat,  and  carbohydrates 
formed  from  the  elements  absorbed  were  next  computed. 

The  record  of  the  amount  of  food  absorbed  and  the  amount  of  each  element 
(ash  being  treated  as  an  element)  contained  therrin  is  given  in  table  68, 
while  table  59  repeats  the  quantity  of  each  element,  and  shows  the  amounts 
of  protein,  fat,  and  carbohydrates  derived  from  these  elements  in  terms  of 
body  materials. 
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The  quantity  of  wat«r  computed  «s  absorbed  from  the  food  on  the  first  day 
of  this  experimoit  is  1414.73  gramB.  (See  column  e  of  table  69.)  The  water 
of  food  (obtained  by  actual  determination)  and  the  drinking-water  together 


70. 

waichL 

fCO. 

Cubon. 

Ftrit  (Jov,  Dec.  W.  IBOi. 
Food  and  drmk: 

J^7 
1306.33 
139.00 

8.54 

216.90 

33,70 
146,18 
15,65 

Ortm*. 

81.46 

1160.15 

123,45 

10.98' 

ToU 

1796.90 

8.64 

216.90 

195.43    1365,05 

10,98 

Fmm: 

20.49 
40.48 

0.36 

12.04 

1.91 
4.63 

2.32 
35.95 

3.86 

Water    

60.97 
1735.93 

0.36 
8.18 

12,04 
204.86 

6.44 
188.99 

38.27 
1326,78 

3,86 
7,12 

Sta>nddav,Dtc.tl,1004- 
Food  and  drink: 

350.41 
1250.89 
311.00 

8.60 

218,64 

33.96 
139.97 
34,80 

78,49 
1110,92 
276,20 

10.73 

Total 

1912.30 

8.60 

218,64 

208,72 

1465,61 

10.73 

Feces: 

20.49 
40.48 

0.36 

12.04 

1.91 
4,63 

2.32 
36.65 

3,86 

Water                 

60.97 
1861.33 

0,36 
8.24 

12.04 
206,60 

6.44 
202.28 

38,27 
1427.34 

3,86 
6,87 

Thirdday,Dte.it,190i. 
Food  and  drink: 

349.26 
1255.28 
344.00 

8.57 

216.44 

33,16 
140,47 
38,49 

80,48 
1114.81 
305.51 

10.61 

Tot«I 

1948.53 

8.57 

216.44 

212,11 

1500,80 

10.61 

Feces: 

Solida 

20.49 
40.48 

0.36 

12.04 

1,91 
4.63 

2,32 
35,95 

3.86 

Tot*I 

60.97 
1887.66 

0.36 
8.21 

12,04 
204,40 

6.44 
206.67 

38.27 
1462.53 

3.86 
6.76 

equal  1445.33  grams,  while  the  water  of  feces  actually  determined  by  drying 
was  40.48  grama.  The  difference  between  these  two  values,  1404.85  grams, 
according  to  the  common  methods  of  computation,  represents  the  quantity 
of  water  absorbed  from  tiie  food  and  drink.  From  the  results  obtained  by 
means  of  the  formnUe,  it  appears  that  the  amount  of  water  absorbed  from  the 
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food  as  found  by  computation  is  greater  by  9,88  grams  than  the  amount 
absorbed  as  found  by  the  direct  determination  of  water  in  the  food,  drink,  and 
feces. 

A  possible  explanation  for  this  discrepancy  is  found  when  it  is  considered 
that  by  the  computations,  food  protein,  fat,  and  carbohydrates  are  eonyerted 
to  body  protein,  fat,  and  glycogen  and  in  this  oonvereion  a  portion  of  the 
organic  hydrogen  ia  oxidized  to  form  water.  For  example,  in  table  57,  it 
appears  that  on  December  20,  1904,  there  were  SS-TO  grams  of  organic 
hydrogen  in  the  eoUds  of  the  food.  In  the  feces,  there  were  1.91  grams;  that 
is,  there  were  31.79  grams  of  organic  hydrogen  absorbed.  In  the  same  table 
it  is  seen  that  there  are  only  30.70  grams  of  organic  hydrogen  in  the  quantities 
of  protein,  fat,  and  glycogen  in  terms  of  body  material  computed  as  having 


IMM. 

Nltro- 
g«n. 

Cubon 

(0) 

HydTO- 
Bon. 

Oiy- 

(•) 
Water. 

m 

Pro- 
tein.! 

(0) 

Pat.' 

Carbo. 
dratei.' 

Alh. 

Dm.  3oi^81.... 
D«.   21-3B.... 

Dec.  a3-38.... 
Totftl,  8  da;i. 

8.81 

306.60 
304.40 

188. 99' 
303.38 
806.87 

1836™8 
1437.84 
1463.63 

Onmt. 
1414. TB 
1530. n 

1584.80 

aranu. 
49.08 
49.44 
49.38 

193.65 

198.56 
188.50 

Oram*. 
78.10 
66.  S8 
79.00 

Sraiaa 
7.13 
8.87 
6.75 

34.63 

615.86 

506.94 

4316.66 

4510.34 

U7.T8 

679.70 

818.62 

30.74 

■  In  terma  of  boOj  mtterlaL 

been  absorbed  from  the  food.  Of  the  31.79  grams  absorbed,  therefore,  1.09 
grams  do  not  appear  as  organic  hydrogen  of  the  compounds  absorbed  but  have 
been  excreted  in  the  form  of  water.  Hence,  in  this  process  of  converting  food 
elements  to  body  compounds,  there  has  been  an  oxidation  of  a  small  quantity 
of  organic  hydrogen,  corresponding  to  9.74  grams  of  water.  This  explains 
mathematically  the  diBcrepancy  noted  above  between  the  water  in  food  and 
drink,  less  that  of  feces  and  the  water  computed  as  abBorbed." 

While  the  mathematical  verification  of  this  transformation  of  organic 
hydrogen  to  water  in  the  changing  of  food  materials  to  body  materials  is 
evident,  it  does  not  necessarily  follow  that  such  transformation  actually 
occurs  in  the  identical  manner  here  described.  Furthermore,  the  energy 
of  the  material  absorbed  from  the  food  when  computed  by  use  of  the  factors 
for  body  protein,  body  fat,  and  body  glycogen  is  practically  the  same  as  the 
energy  of  the  food  less  feces  actually  determined  by  the  bomb  calorimeter 
(see  table  60),  and  so  it  appears  that  no  energy  transformation  occurred 
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comparable  to  that  which  would  be  expected  to  arise  from  the  oxidation  of 
1.09  grams  of  organic  hydrogeo.  It  is  more  than  likely  that  the  somewhat 
higher  Taluea  for  the  heat  of  combiiBtion  per  gram  of  body  protein,  fat,  and 
glycogen  result  from  &  rearrangement  of  the  molecules  of  the  correaponding 
componnda  of  the  food,  either  by  cleavage  or  condensation  in  such  a  manner 
tliat  there  is  no  loss  of  energy  resulting  from  the  transformation. 

While  any  attempt  to  Bet  forUi  mathematically,  as  is  here  done,  the  trans- 
formations  by  the  body  of  the  elements  of  food  into  body  materials  must,  in 


(o) 

<b} 
Peoe.. 

^?Sf 

■.^ki. 

Dec.  30-31,  1B04 : 

ProUlD 

F»t 

CarbobjdraMi 

grua* 

do 
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211.87 
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14.37 
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49.08 

193.85 

78,10 

7.13 
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Dbc.  81-83,  1904 : 

ProtBln 
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e^'J»» 

3566 

149 

3430 

3481 

6B.7fi 
310. 0« 
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10.78 

3.28 
14.87 
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61.50 

801.69 

89.88 

6.87 

49.44 
198.56 
68.63 

6.87 

Carbohjdrttoi 

do 

Km^W 

Dw.  38-38, 19W : 

Protein 

c»Iorl«» 

8585 

149 

34Se 

3468 

88. 5S 
814.83 
70.78 
10.61 

3.28 
14.87 

61.39 

19».e6 

70.78 

8.75 

4».8« 

188.50 

79.00 

6.75 

Cirbohjdrftte* 

Art 

do 

do 

Energy 

cMoriee 

8676 

149 

8437 

3407 

the  present  state  of  our  knowledge  of  physiological  chemistry,  be  regarded  as 
distinctly  specnlatiTe,  for  the  purposes  of  this  discussion,  the  mathematical 
verification  iind  explanation  of  the  apparent  discrepancy  are  of  interest. 

Amounts  of  ingredients  of  food  absorbed  and  corresponding  amounts  of 
body  materials. — Of  special  interest  in  this  connection  is  a  comparison  between 
ib.e  amounts  of  ingredients  of  food  absorbed  as  determined  by  the  usual  method 
of  deducting  the  quantities  of  protein,  fats,  and  carbohydrates  in  the  feces 
from  the  corresponding  amounts  in  the  food,  and  the  quftntities  of  body 
material  computed  in  the  foregoing  calculations  to  have  been  absorbed.  This 
comparison  is  shown  in  table  60.  For  convenience,  the  amounts  of  protein, 
fat,  carbohydrates,  and  ash  in  the  food  and  feces  are  repeated  in  columns  a 
and  b  from  table  56.     The  nutrients  and  ash  absorbed,  in  terms  of  food 
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nutrients,  are  ehown  as  the  diCerence  between  colnmm  a  and  b  in  colnmn  c. 
Coliunn  d  repeats  the  nutrienta  and  ash  in  terms  of  body  material  from 
table  59. 

The  agreement  between  the  tvo  sets  of  results  shown  in  the  table  is  quite 
striking  and  the  energy  values  are  also  singularly  alike.  The  comparison, 
however,  is  not  as  significant  as  it  may  at  first  sight  seem,  since  it  practically 
is  no  more  than  a  proof  of  the  accuracy  of  the  elementary  analyses  as  compared 
with  the  proximate  analyses.  Of  the  proximate  analyses,  that  of  protein  reata 
upon  the  same  basis,  namely,  the  determination  of  the  element  nitn^ea  in 
both  methods  of  calculation.  The  whole  comparisoo  (columns  e  and  d,  table 
60)  is,  however,  of  value  in  indicating  the  probable  accuracy  of  the  different 
factors  used  in  computing  the  quantities  of  body  material  and  their  heat  of 
combustion. 


Date. 

ProtelD. 

F«t. 

Qljoogta. 

»"J3ER. 

AiSi.. 

(6) 
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BneiOT. 

(«)             (/) 
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Calorie: 
9431 
3483 
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«f  gijeogeo,  4.19  calories. 


B.8B  ealoriM ;  ot  lat,  9.04  catorha ; 


Energy  of  material  absorbed  from  the  food. — As  has  been  pointed  out  above, 
the  food  absorbed  is  considered  as  body  material.  The  energy  of  the  materials 
thus  absorbed  is  readily  computed  by  use  of  the  heats  of  combustion  given 
on  page  50.    The  results  are  given  in  table  61. 

Chanoks  in  Bopt-Weioht  Coupabid  with  Balance  of  Incoice  and  Omoo. 

The  ingestion  of  food  complicates  somewhat  the  striking  of  the  balance  of 
income  and  outgo  for  comparison  with  the  actual  changes  in  l>ody-weigbt. 
The  data  for  this  experiment  are  given  in  table  68.  The  income  here  consists 
of  food,  water  consumed,  and  oxygen,  and  the  outgo  of  urine,  feces,  carbon 
dioxide,  and  water  of  respiration  and  perspiration.  The  agreement  between 
the  losses  of  body  material  and  the  actual  loss  in  body-weight  is  thoroughly 
satisfactory  for  the  first  two  days;  a  very  considerable  discrepancy  appears 
in  the  comparison  for  the  last  day. 

In  striking  such  a  balance  as  appears  in  this  table,  it  was  necessary, 
however,  to  take  account  of  the  actual  weight  of  feces  passed  regardless  of 
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whether  they  result  from  food  eaten  during  the  experiment  In  tiiis  and  enhse* 
qaent  food  experimentA,  the  weight  of  the  feces  passed  during  the  experiment 
was  included  in  the  ontgo.  Tn  the  fasting  experiments,  however,  the  feces 
were  neglected  entirely  in  the  outgo  and  their  weight  was  deducted  from  the 
loss  of  body-weight  (See  explanation  on  page  ISO.)  The  apparent  incon- 
sistency between  the  methods  followed  in  the  fasting  and  food  experiments 
due  to  this  procedure  arises  from  the  fact  that  it  was  hoped  that  more  definite 
information  would  be  obtained  as  the  experiments  progressed  regarding  the 
relation  of  the  feces  in  the  fasting  experiments,  and  hence  in  the  latter 
experiments  they  were  withheld  from  the  computations. 
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:  be  conlDUDded  with  arlne  data  In  othei  tables    (Bee  ei 


planatlon,  p 

BiLiiicK  OF  Intake  akd  Outtvt. 

A  consideration  of  the  extent  to  which  the  food  and  drink  supplied  material 
for  the  metabolic  processes  is  possible  by  comparing  the  balance  of  intake 
and  ontpnt  of  the  body.  The  intake  and  output  are  shown  for  convenience  of 
discussion  and  tabulation  in  two  tables,  Ko.  63,  recording  the  intake  and  out- 
put of  water,  and  No.  64,  that  of  protein,  fat,  carbohydrates,  ash,  and  energy. 
In  the  latter  table  the  gains  and  losses  of  each  componnd  are  shown,  as  well 
as  the  amounts  absorbed  and  katabolized. 

Baiance  of  water. — As  has  been  stated  above,  table  63  shows  the  distribution 
of  intake  and  output  of  water  in  the  experiment  under  discossion.  Although 
food  was  eaten  during  this  experiment,  the  table  differs  from  previous  ones 
only  in  that  column  a  includes  water  of  feces  as  well  as  urine,  and  column  e 
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incladee  water  of  food  as  well  as  water  of  drinlL    In  all  other  respects,  the 
table  is  identical  with  preceding  ones  of  this  type. 

The  income  of  water  consists  of  the  water  in  food  and  drink.  The  total 
ontgo  of  water  is  the  sum  of  the  amonnts  in  the  mine,  respiration  and  perspi- 
ration, and  feces.  On  the  third  da;,  for  example  (the  only  day  on  which  feces 
were  passed),  there  was  an  intake  of  water  consisting  of  I255.S8  grams  in  the 
food  (see  table  56)  and  344.00  grams  of  drinking-water  (see  table  45).  On 
that  day  there  were  eliminated  586.16  grams  of  water  in  the  nrine  (see  table 
47),  1069.07  grams  of  water  of  respiration  and  perspiration,  79.1  grams  of 
water  in  the  feces  (see  footnote,  table  63),  making  the  total  elimination  for 
the  day  1724.33  grams. 


Date. 

Oalgotxomtbeboiy. 

4' 

Water 
ur"no. 

(b) 
watnof 

and 

"IS- 

Total 

Preformed 

(kaUbol- 

lied) 

'Si' 

Intake  Id 
(oodanil 
drink. 

LOHOf 
formed 

7.n. 

D„.^^ai 

Dec.ai-3S 

Dte.S2-ZS 

Tot»l,8<l»y8. 

At.  pet  da;.. 

1007.0 
>6fl5.S 

IS:, 

looa.B 
lose. I 

8009.8 
1734.8 

1765.8 
'1449.7 

Oranu. 
14*6.8 
1661.9 
1699.8 

SOS. 8 
•-149.6 

844.8 
374.6 

36«8.fl 
887.9 

390S.a 
M7.4 

ES6S.B 
18BS.3 

4830.8 
I60T.0 

4608.6 
1685.6 

an.  3 

71.5 

746.0 
348.8 

1  indadea  TB.l  srama  water  of  (ecea  paaaed  on  tlita  dar.  In  obtalnliiK  tbli  unonnt  It  1* 
BBiamed  that  water  ezlated  In  tbe  fecea  paaaed  on  tUa  daj  In  the  aane  proportion  that  It  did 
Id  the  total  (Mia  of  the  ezperiment. 

■Qaln. 

These  figures  for  the  intake  and  oatgo  indicate  an  apparent  loss  to  the 
body  of  125.05  grams  of  water.  The  preformed  water,  however,  alone  repre- 
sents the  actoal  gain  or  loss  of  water  to  the  body,  the  water  of  oxidation  of 
organic  hydrogen  (colnmn  g,  table  63)  not  being  taken  into  the  body  as  water. 
On  this  particular  day  the  body  gained  149.57  grams  of  preformed  water 
(colnmn stable  63). 

Nutrients,  ask,  and  energy. — ^Tbe  balances  for  Uie  materials  and  energy 
indicated  under  this  head  are  shown  in  table  64. 

Protein. — On  comparing  the  protein  katabolised  (table  61)  with  the  amonnts 
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did  not  famish  enough  protein  to  supply  the  demands  of  the  body  under  the 
conditions  prevailing  during  the  experiment. 

Fat. — The  amounts  of  body  fat  actually  kataboUzed  (obtained  from  column 
g  of  table  51)  aie  recorded  in  line  e  of  table  64,  and  the  amount  of  fat  in  terms 
of  body  fat  computed  to  have  been  absorbed  from  the  food  is  recorded 
in  line  d.    There  vaa  a  marked  gain  of  fat  on  the  first  day  following  the  fast, 


Deo. 

Deo. 

Dto. 

Total  (or 

Averaxe 

n-Ei. 

a-m. 

I8-28. 

Bdare. 

porday. 

Body  protein: 

(o)  Computed  from  el«metit« 

abiorbed  from  food ....  gmi . . 

49.08 

49.44 

49.36 

147.78 

49.36 

(»)  KatkboUied do. . . 

78.34 

59.04 

60.90 

198.18 

66.06 

(e>  a>lQ<  +  )orlou(— )tobodf 

-39.18 

-  9.60 

-11.64 

-80.40 

-18.80 

Bodjf»t: 

■bwtbed  from  food. . .  .do . . . 

193.BB 

198. « 

188.50 

579.70 

198.38 

(()  Katkbollied do. . . 

168.69 

198.67 

I8B.90 

541.86 

180.40 

(/)  0«ln ( + ) or loM(-)to body 

Id-e) do... 

+  84.06 

+   4.68 

-     .40 

+  38.84 

+  18.78 

Body  cubobydntM : 

abtorbed  ftom  food. . . . do. . . 

78.10 

60.68 

70.00 

918. 63 

73.87 

(A)  KfttaboUied. do... 

M.48 

86.96 

M.W 

108.31 

64.10 

(1)   0^ii(  +  )orlOM(-)tobody 

(p-A). do... 

+  1S.«4 

+  80.67 

-SO. 90 

+  36.81 

+  8.77 

A>b: 

IJ)  In  food  rtBorbed do . . . 

7.18 

6.87 

6.75 

90.74 

6.91 

(t)  EUmlDitedlnarlne do... 

4.54 

6.86 

8.98 

19.88 

6.61 

«)  Qaln(  +  )orloi«{-)tobody 

(J— t) do... 

+   8.S8 

+      .81 

-  8.18 

+      .91 

+      .80 

Energy : 

(m)Of    «b»orbed    food   (deter- 

mined)  Ckll.. 

24sa 

S436 

2437 

7388 

3438 

(n)  Heat  prodnctlon  pint  po- 

tential energy  of  nrlne.  .do. . 

9207 

S80S 

9548 

7060 

2368 

(d)  aalD(  +  )orIoH(— )tobody 

(m-n> do. 

+     S18 

+     181 

-     131 

+     388 

+       74 

a  alight  gain  on  the  second,  and  an  insignificant  loss  on  the  third  day.  For 
Ihe  three  daye  there  was  an  average  gain  of  IS. 78  grams  of  fat,  showing  that 
on  the  average  the  diet  supplied  a  little  more  than  wag  actually  needed  and 
thus  the  body  was  enabled  to  store  fat. 

Carbohydrates. — The  amounts  of  body  carbohydrate  or  glycogen  katabolized 
each  day  recorded  in  line  h  are  taken  from  the  data  in  table  51,  while  in  line  g 
the  amounts  of  body  carbohydrate  computed  from  the  elements  absorbed  in  the 
food  (see  table  61)  are  recorded.  There  was  a  gain  of  carbohydrates  on  the 
first  two  days  of  the  experiment,  while  on  the  third  day  there  was  a  loss. 
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Ash, — ^While  the  ash  eliminated  in  the  urine  eteadily  increased  from  day 
to  day  as  is  seen  from  resnlte  recorded  in  line  I;  of  the  table,  the  ash  of  the 
food  remained  practically  constant  Consequently,  there  was  a  gain  on  the  first 
day,  nearly  ash  equilibrinm  oa  the  second  day,  while  there  was  a  marked  Iom 
on  the  third  day.    On  the  average  the  body  was  practically  in  ash  equilibrium. 

Energy. — The  object  of  the  balances  shown  in  table  64  is  to  indicate  in  how 
far  {be  losses  from  the  body  were  compensated  by  the  food  ingested  and  hence 
the  balance  which  takes  into  account  the  energy  of  these  nutrients  can  also  be 
obtained.  Such  comparison  is  shown  in  the  last  three  lines  of  the  table. 
In  line  m  ia  given  the  energy  of  food  absorbed,  i.  e.,  the  difference  between  the 
energy  of  food  and  feces  as  determined  by  the  bomb  calorimeter,  while  line  n 
shows  the  total  heat  production  plus  the  potential  energy  of  the  urine  (ob- 
tained from  columns  b  and  g  of  table  53).  The  differences  recorded  in  line  o 
show  that  on  the  first  day  there  was  a  gain  of  213  calories  of  potential  energy 
to  the  body,  on  the  second  a  gain  of  131  calories  and  on  the  last  day  a  loss  of 
121  calories.  On  the  whole,  tiierefore,  the  diet  supplied  somewhat  more  energy 
than  was  actually  given  off  by  the  body. 

The  results  obtained  in  line  o  require  special  comment.  The  figures  as  given 
in  the  table  represent  the  gain  or  loss  to  the  body  of  potential  energy,  not 
the  actual  amount  of  energy  which  would  be  gained  or  lost  if  the  energy 
of  the  absorbed  food  were  liberated  in  the  body.  Furthermore,  the  results 
obtained  in  line  o  can  not  be  obtained  by  multiplying  the  gain  or  loss  of  the 
nutrients  shown  in  lines  c,  f,  and  i  by  their  respective  heats  of  combustion.  If, 
for  example,  such  computations  be  made  the  first  day  of  the  experiment, 
the  result  obtained  would  be  230  instead  of  213  as  shown  in  the  table.  Thus 
(_  29.16  X  5.65)  +  (34.06  X  9-54)  +  (16.64  X  4.19)  =  S30.  The  dis- 
crepancy  between  213  and  S30  may  be  avoided  by  using  in  line  n  in  place  of 
2207  calories,  2192  calories,  the  total  energy  of  the  material  oxidized  in  the 
body  plus  the  potential  energy  of  the  urine,  and  using  in  line  m  2421  calories 
(energy  of  absorbed  food  computed  by  means  of  factors  for  heat  of  com- 
bofition,  line  g,  table  62)  in  place  of  2420  calories.  The  case  is  exactly  the 
same  for  the  remaining  days  of  the  experiment  For  showing  the  gain  or 
loss  to  the  body  of  potential  energy,  however,  the  figures  in  line  a  should 
remain  unchanged. 
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Metabousm  Experiment  No.  71. 

The  results  from  the  3-  and  4-day  fasts  prerionflly  reported  were  of  so  much 
ralue,  even  though  made  with  subjects  onaccustomed  to  fasting,  that  still 
longer  experimentB  with  an  experienced  faster  seemed  desirable.  Accordingly, 
in  the  belief  that  the  experimental  conditions  would  be  still  more  nearly 
normal,  a  series  of  experiments  was  planned  with  a  subject  who  had  fasted  in 
private  a  number  of  times  and  hence  was  thoroughly  accustomed  to  the  sensa- 
tions of  hunger. 

A  young  man,  a  professional  masseur,  who  maintained  that  he  had  on  several 
occasians  made  fasts  of  ten  days'  duration,  was  secured  as  the  subject  of 
experiments  Xos.  71  to  77,  inclusive.  On  his  arrival  in  Middletown  the 
methods  of  experimenting  were  explained  to  him  in  detail,  and  in  order  to 
aocQstom  him  to  life  within  the  calorimeter  chamber,  he  remained  in  the 
chamber  for  a  few  hours  on  several  days  prior  to  the  first  experiment.  Every 
precaution  was  taken  to  insure  a  normal  mental  as  well  as  phyucal  condition 
during  the  experiment,  but  that  his  mental  stale,  in  spite  of  all  precautions, 
was  one  of  apprehension  throughout  the  experiment,  is  evident  from  the  extracts 
from  his  diary  recorded  later.  Entire  unfamiliarity  vi&  scientific  methods  of 
research,  an  inadequate  schooling,  and  an  exceedingly  nervous  temperament 
resulted  in  a  condition  of  nervous  excitement  during  the  first  experiment  that 
seemed  to  preclude  further  experimenting  with  this  subject.  Increased  famili- 
arity with  the  apparatus  and  methods,  life  in  the  laboratory,  and  attendance  on 
several  college  classes  so  increased  his  confidence  in  the  nature  of  the  experi- 
ments, however,  that  the  series  planned  for  was  ultimately  carried  out.  But 
even  then  many  changes  in  method  had  to  be  made  and  much  desired  data 
could  not  be  obtained. 

The  subject,  S.  A.  B.,  entered  the  chamber  in  the  early  evening  of  January 
6, 1905.  The  preliminary  analyses  of  the  respiratory  products  began  at  1  a.  m,, 
January  7,  and  the  experiment  began  6  hours  later.  The  day  was  subdivided 
into  experimental  periods  of  %  hours'  duration,  the  heat,  carbon  dioxide,  oxygen, 
and  water-vapor  being  determined  accordingly. 

The  body  measurements  of  the  subject,  taken  about  Z  weeks  after  the  end 
of  tiie  fast,  are  given  below : 

Ueamrementt  of  8.  A..  B. — Date,  Jan.  tS,  1$0S.    Ag«,  SS  yean. 


Welsbt    kilograms. . 

Height,  standing  ...centimeters.. 
Girth  of— 

Neck  do 

Upper  cheet — 

Repose   do 

After  expiration do.... 

After  luapiratlon do.... 


Girth  of— 
Lower  cheat — 

Repoee    centlmetera. .  77.7 

After  expiration do....  71.8 

After   Inspiration do 81.7 

Waiat  do 69.8 

Right  upper  arm do....  27.9 

flexed   do 31.2 
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Depth  of— 

Chest     

82.7 

do... 

1S.9 

Breadth  of— 

Shouldera    ... 

do... 

Cheat    

do... 

15.7 

WaiBt   

do... 

U.H 

Hlpa   

do... 

31.6 
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Olrth  of— 
Right  forearm,  contracted, 

oentlmeters. .  26.6 

Iicft  upper  arm do. . . .  26.4 

flexed    do ZS.9 

Ijeft  forearm,  contracted. .do ... .  26 

Eight  thigh    do....  48.5 

Right  calf do 31.3 

Left  thigh do. ...  47 

Left  calf  do....  32 

Notes  from  diary. — ^Throughont  this  experiment,  the  subject  made  a  large 
number  of  notes  concerning  his  physical  and  mental  condition.  These  are  of 
interest  in  connection  with  the  statements  preriously  made.  The  notes  as  here 
recorded  have  been  shortened  considerably,  and  a  large  number  of  obaerrations 
on  the  condition  of  the  tongue  have  been  eliminated.  The  condensed  form  of 
the  diary  is  here  given. 

Not«i  from  Siary. 

9  p.  m.  Feet  venr  aleepj. 
Jan.  8,  IMS: 


Jan.  7,  1905: 

7*20"  a.  m.  Paaaed  a  Tery  restless  night; 
dozed  off  about  12^30'  and  awoke 
with  a  nlKhtmBj'&  Had  verr  hor- 
rible forebodings.  Felt  as  tf  I  were 
Bttfling;  know  I  was  a  little  nervous. 
Have  a  warm  sweat  on  mr  forehead 
and  my  face  Is  flushed.  Drank  some 
water  dnrlng  night;  would  have 
risen  at  about  S'SO*"  a.  m.  to  urlnaU 
had  it  not  been  contrary  to  Instmo- 
ttona.    My  nostrils  feel  parched. 

HfSCa-m.  My  eyes  feel  blurred  and 
dim.  The  air  In  the  calorimeter 
seems  much  better  than  It  did  at 
night;  It  seems  freeher  and  cooler. 
My  tongue  Is  coated  and  I  have  a 
sour  taste  In  my  mouth ;  do  not  fee] 
as  nervous  as  I  did  this  momlne. 
Have  belched  wind  all  the  momins. 
due,  perhaps,  to  the  fermentation  of 
the  beans  I  ate  last  night  at  VZQ'.' 

1>30~  p.  m.  Uy  mouth  feels  very  dry 
with  unpleasant  taste. 

S'SO"  p.  m.  Some  of  my  nervonsness  has 
I>aesed.  Lips  are  parched,  and  I 
have  a  slight  headache.  At  times 
there  appeared  to  be  a  noxious  odor 
In  here,  but  it  quickly  passed  away 
and  the  air  became  a  trifle  cooler. 
There  are  eructations  from  stomach 
occasionally,  which  cause  a  sour 
taste  In  my  mouth;  no  discomfort 
otherwise. 

T'lS"  p.  m.  Had  a  desire  to  defecate,  hut 
I  have  considerable  pain  caused  by 
the  rectal  thermometer,  and  the 
pain  caused  me  to  cease  the  effort. 

8  p.  m.  The  only  discomfort  I  feel  is 
caused  by  the  rectal  thermometer. 


7*30~  a.  m.  Have  passed  a  better  night. 
Slept  more  and  had  no  "  danger " 
forebodings. 

8  a.m.  Feel  faint  and  weak;  my  nerves 
are  shaky.  This  will  pass  off  In  a 
day  or  so.  Tongue  coated  with  a 
white  fur,  having  a  sour  taste;  face 
feels  flushed. 

11*16~  a.  m.  Feel  weak  and  relaxed;  will 
He  down. 

1  p.  m.  Feel  much  better  after  lying 
down.  Have  a  slight  headache;  am 
not  hungry.  Irritation  In  rectum 
not  so  painful  since  rectal  ther- 
mometer was  removed. 

6^30*°  p.  m.  Have  been  sleeping  since 
2>30~  p.  m.  If  I  had  room  I  would 
do  some  walking.  Would  prefer 
fasting  outside  the  calorimeter.  My 
bilious  headache  goes  and  comes 
about  every  hour  or  so. 

7  p.  m.  My  weakness  la  passing  away, 
but,  Oh,  how  I  long  for  a  walk  of 
from  6  to  10  miles  In  the  open  air! 
There  Is  not  much  "  fun  "  In  reading 
and  sleeping.  My  mouth  feels  very 
dry  and  I  need  a  considerable 
amount  of  water.  Still  have  a  sour 
taste  In  mouth,  and  coated  tongue; 
my  nerves  are  a  little  better.  I  am 
commencing  to  feel  dirty,  for  want 
of  a  good  shavB  and  warm  bath. 
The  atmosphere  Is  not  very  pleasant 

9'15"  p.  m.  Feel  very  sleepy.  I  lay  down 
and  fell  asleep  and  awoke  at  signal 
to  retire. 


"Evening  meal,  Jan.  6,  1905,  consisted  of  baked  beans,  2  ham  sandwiches,  and  1 
cup  of  coffee. 


Digitized  by  Google 


Hecabousu  Ezfkbiment  No.  71. 


Jan.  8,  IBOS: 

lO^SO'p.  m.  Sleepy    feeling   has    passed 

away;  only  feel  weak.    My  brain  Is 

becoming    clearer;     bad    taste    Id 

mouth  less  noticeable.    Feel  llstleaa. 

Jan.  9.  190B: 

7*30~a.m.  Did  not  Bleep  as  well  as  the 
night  before,  possibly  because  I 
slept  during  the  day.  Feel  very 
weak,  for  want  of  fresh  air;  during 
my  previous  fasts  I  have  taken  a 
walk  In  the  open  air  whenever  I 
commenced  to  feel  sleepy  or  weak, 
and  the  feeling  would  soon  pass 
away.  My  tongue  la  still  coated  and 
have  sour  taste  in  my  mouth.  My 
colon  is  filled  with  fecal  matter 
which  I  can  not  pass  out 

10^30'  a.  m.  Feel  very  sleepy.  My  brain 
Is  tired;  can  not  think  much;  feel 
more  like  a  caged  animal  than  a 
human  being. 

I'SO"  p.  m.  Not  uncomfortable  but  weak; 
do  not  feel  hungry  yet  The  air  In 
here  is  very  dry.  Much  gas  Is  pass- 
ing out  via  rectum. 

6^30*  p,  m.  Have  had  no  headache  all 
day;  tongue  still  coated,  but  bad 
taste  slowly  passing  away. 

7*30*  p.  m.  Am   commencing  to  have  a 
Blight  headacbe  (bilious) ;  my  mind 
Is  very  much  clearer  than  it  was 
this  morning. 
Jan.  10,  1906: 

7*30"  a.  m.  Did  not  aleep  very  well  last 
night  Changed  my  position  too 
often  to  be  comfortable,  but  did  not 
have  any  "  danger  "  forebodings  as 
on  the  first  night  Feel  very  weak 
but  not  hungry;  tongue  coated.  I 
can  scrape  It  off.  This  morning 
upon  arising  my  tongue  ap]>eared  to 
be  swollen  and  sticking  to  the  roof 
of  my  month.     Byes  look  red;   am 


commencing  to  have  a  slight  head- 
ache again.  My  nerves  are  very 
shaky;  brain  ts  not  clesx. 

10'30-a.m.  Fee]  a  little  stronger  to- 
day; brain  is  clearer  and  nerves  are 
not  so  shaky.  Have  better  self-con- 
trol. Feel  very  dirty;  my  body  la 
commencing  to  give  off  a  very  disa- 
greeable odor. 

1*30"  p.  m.  Received  some  newspapers, 
and  after  reading  them  became 
more  cheerful.  It  ts  commencing  to 
become  tedious  staying  in  here;  be- 
ing of  a  nervous  temperament  I  al- 
ways want  to  be  moving  about, 
changing  my  position,  etc.  The 
drinking-water  Is  beginning  to  have 
an  ill  effect  on  me.  Am  commencing 
to  have  cramps  intermittently  In 
stomach  and  Intestines.  The  water 
ts  also  causing  the  disagreeable 
taste  and  coated  tongue. 

2*30~  p.  m.  Have  a  little  nausea  and 
hiccough  frequently;  my  heart  Is 
commencing  to  pain  me  a  little. 

4»30'°  p.  m.  Swallowed  some  water  and 
hiccoughs  commenced  again,  also 
heart  pain. 

5*30"  p.  m.  Am  commencing  to  feel  weak 
again;  feel  all  relaxed.  Have  cramps 
In  my  Intestines  continually  now. 
The  water  tastes  very  badly  to  me: 
It  Is  bitter  and  nauseating. 

T'lS'^p.  m.    My  bead  Is  commencing  to 
ache  a  little.    Have  had  a  desire  to 
defecate  all  day. 
Jan.  11.  1905; 

7»15"a.m.  Did  not  aleep  well;  do  not 
believe  I  slept  1  hour  all  told.  Was 
not  In  any  discomfort;  simply  lay 
down  and  occasionally  changed  my 
position.  Did  not  feel  tired  on  aris- 
ing.   Byes  red. 


Pvlse. — The  records  of  pulse  as  taken  by  the  subject  are  given  below. 
Bxperiment  No.  7i.* 


Time. 

PulK. 

rate. 

Time. 

PulM 

Jsn  T, 
Jsn.  8 

76 
7* 
83 
76 
78 
7S 
76 
78 
72 
72 
73 
68 

Jan 
Jan 

e,190S,    IK  80- 
8    00 
10    SO 
1     80 

5  80 
8    00 

10,1»09,  7     80 
10    80 
1     80 

6  80 

•■■n.' 

68 
68 
84 
64 
62 
62 
G8 
63 
63 
60 

p™ 

1    80    p.m 

p.m....  ..... 

B    00    pm 

1    80    p.m.' 

5    80    p.m.' 

8    00    p.in.  • 

>  Pulse  taken  while  ■Ittlng  anien 
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Routine. — No  prescribed  proefram  wm  insisted  upon  and  the  subject  was 
permitted  to  choose  the  routine  which  would  be  moet  coDTcmcDt.  During  oUier 
fasts  outside  the  respiration  chamber  be  had  been  accustomed  to  do  a  con- 
siderable amount  of  walking  and  hence  he  desired  to  have  the  bicycle  ergometer 
placed  inside  the  chamber  in  order  that  he  might  exercise  each  day.  Shortly 
after  9  o'clock  of  the  first  day  he  mounted  the  ergometer  and  rode  against 
resistance  at  a  fairly  rapid  rate  for  about  10  minutes.  On  subsequent  days  be 
was  disinclined  to  take  even  this  exercise,  hence  his  muscular  activity  was 
greatest  on  the  first  day. 

Body  movementa. — A  record  of  body  morements  compiled  from  the  subject's 
diary,  the  record  sheet  of  the  food  aperture,  and  observations  of  the  physical 
observer  is  given  herewith. 


/(M1MUV7. 

H- 

p 

M. 

A.  11. 

11  12- 

rise,  food  aperture. 

7*45" 

attempt    to    defe- 

7» DO"  rise,  urinate. 

22 

write,  Btand. 

cate. 

7  0* 

begin  welKhins. 

48 

food  aperture. 

48 

open  curtain. 

7  14 

w«igb  mU. 

52 

write. 

50 

food  aperture. 

7  18 

weigh  absorbers. 

M. 

52 

adjust  telephone. 

7  22 

flnlBb  welding. 

12*20- 

write. 

00 

food    aperture. 

7   24 

dreos. 

28 

drinh,  write. 

count  pulse. 

7   26 

sit,  write. 

00 

urinate. 

04 

stand,  write. 

7   2S 

telephone. 

08 

rise. 

28 

Bit  read. 

7  80 

sit,  count  poise. 

10 

food  aperture. 

06 

remove  table. 

7   44 

food  aperture. 

16 

alt 

10 

arrange  bed. 

7  48 

stand,  move  about 

30 

count  pulse. 

14 

lie. 

7    53 

oomb  hair. 

00 

riae. 

11 

00 

wake,  rise. 

7  66 

adjust  Uble. 

02 

urinate. 

11 

02 

undress. 

S  02 

write. 

OS 

sit 

11 

03 

urinate. 

8  12 

drink. 

10 

read. 

8   14 

write. 

30 

food  aperture. 

^anaory  S. 

9  00 
9   02 

telephone, 
write. 

54 
30 

atop  reading, 
read,  stand. 

7>00- 

riae,  urinate. 

9   06 

stop   writing, 
drink. 

40 
44 

Sit 

read. 

02 
04 

fold  bed. 

9  12 

telephone. 

02 

telephone. 

14 

nnUh  weighing. 

9   14 

prepare  ergometer. 

08 

rise. 

IS 

food  aperture. 

9  15 

9   17 

count  pnlse. 
ride. 

14 

alt  rise,  food  apei^ 
tare. 

20 
24 

sit  write. - 
defecate. 

9   27 

stop   riding,   count 
pnlM. 

16 
24 

telephone, 
more  about 

32 
34 

food  aperture, 
adjnat  telephone. 

9  36 

cloae  curtain,  defe- 

30 

count  pulse. 

48 
52 
56 
68 
00 
02 

telephone. 

sit. 

food  aperture. 

alt 

count  pulse. 

9   42 

cate,  urinate. 

Bit 

38 
40 

alt 
read. 

9   44 

9    4S 

food  ^»ertnre. 

alt 

48 

62 

riae. 

ait  adjust  table. 

9    4S 

open  cnrtatn. 

56 

read. 

24 

telephone. 

9    52 

alt 

02 

urinate. 

02 

9   54 

drink. 

06 

Btand,  read. 

04 

food  aperinre. 

10  02 

read. 

28 

move  about 

06 

read.  Btand. 

10   30 

count  pulse. 

32 

food  aperture. 

14 

food  aperture. 

11  04 

(old  table. 

36 

cloBe  curtain. 

15 

take  temperature. 
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Ja 

nuary  8  (cont). 

A.11. 

p 

if. 

A.lt. 

7«'8«" 

open  curtain. 

8'28- 

sit 

9»16- 

telephone. 

7  40 

sit 

06 

food  aperture. 

9   18 

Arrange     chair. 

8  00 

count  pulse. 

10 

food  aperture. 

read. 

S  02 

adjust  table. 

48 

rise. 

9    ZO 

telephone. 

8   04 

write. 

54 

open  bed. 

9    Z2 

food  aperture. 

8  08 

telephone. 

10 

00 

sit 

9  30 

telephone. 

8  12 

rise,  food  aperture. 

11 

00 

close    curtain,    un< 

9  32 

food  aperture. 

8  16 

sit 

dress,  urinate,  re- 

9  34 

remove    table,   alt. 

8   18 

write. 

tire. 

read. 

8  26 

drink. 

January  10. 

10   28 

rise. 

8   34 

read. 

10  30 

urinate,    count 

»   48 

rise.  Bit 

7  00- 

rise,  urinate. 

pulse. 

10   00 

food  aperture. 

03 

begin  weighing. 

10  32 

11  16 

sit,  read. 

rise,  walk  about 

10  02 
10  06 

rise,  move  about, 
sit 

«8 
10 

flolsh  weighing. 

11  22 

10   30 

count  pulse,  write. 

12 

sit 

11  24 

adjust  bed. 

10   32 

asleep  In  chair. 

28 

11  2« 

He.  roaa. 

11    00 

awake. 

32 

cloee  curtain. 

11  40 

telephone. 

11   04 

stand,  telephone. 

40 

open  curtain. 

P.M. 

11    12 

rise,  move  about 

44 

sit  write. 

1»00- 

urinate. 

11    18 

sit 

10 

telephone. 

1  06 

Bit 

11    20 

read. 

14 

move  about 

1  20 

count  pulse. 

11   46 

telephone. 

16 

read. 

1    30 

He,  read. 

11   48 

food  aperture. 

28 

2   10 

telephone. 

11  50 

Bit  read. 

30 

alt 

2   12 

food  aperture. 

00 

telephone. 

2    14 
8  02 

lie. 
asleep. 

12»  04- 
12  16 

drink. 

food  aperture. 

04 
06 

food  aperture, 
telephone, 
food  aperture. 

6  28 

awake,  sit,  drink. 

12   18 

Bit,  read. 

OS 

6  30 

count    pulse,     lie. 

1  00 

telephone,  rise,  uri- 

10 

lean  on  table,  read. 

write. 

nate,  move  about 

22 

sit  read. 

rise   move  about 

5   32 

1  06 

food  aperture. 

06 

6   36 

food  aperture. 

1  12 

lean  on  table. 

6   38 

sit 

1  3« 

count  pulse,  write. 

22 

food  aperture, 
sit,  read. 

6  44 

telephone. 

2  10 

food  aperture. 

24 

5  52 

5  68 

6  12 

more  about 
sit  read, 
stand. 

2   16 
2  30 
8  0! 

sit 

read. 

rise,  move  about 

28 
36 
38 

telephone, 
food  aperture, 
telephone. 

6  16 

Ulephone. 

3  04 

lean  on  table. 

40 

6  18 

sit  read. 

3  07 

food  aperture. 

44 

sit  read. 

7  00 

rise,  urinate. 

3   14 

telephone. 

7  04 

sit,  write. 

3   16 

write. 

7  20 

food  aperture. 

3   40 

Bit 

46 

7  32 

8  00 

He. 

count  pulse. 

3  43 

4  18 

write. 

food  aperture. 

02 

telephone,  rise,  url- 
nate.  move  about 

9  15 

asleep. 

4   20 

drink,  sit 

04 

11  00 
11  02 

rise, 
open  bed. 

4  26 
6  04 

read. 

rise,  move  about 

30 
32 

count  pulse. 

11  04 

urinate,      undress. 

6  08 

lean  on  table. 

retire. 

5  10 

telephone. 

30 

write. 

A.H. 

JanMorvS. 

5  12 
5  30 

write. 

count  pulse,  write. 

20 
22 

lean  on  table. 

1>  S0~  rise,    count    pnlBe. 

5   32 

telephone. 

write. 

write. 

6    00 

food  aperture. 

40 

7  00 

rise,  urinate. 

6   16 

sit 

02 

Bit 

7  04 

7  00 

rise,  urinate. 

04 

stand. 

7  11 

finish  weighing. 

7  04 

sit  read. 

14 

move  about,  drink. 

7  22 

close  curtain. 

7  30 

write. 

22 

sit  write. 

7  24 

defecate. 

8  00 

food   aperture. 

24 

read. 

7   25 

food  aperture. 

count  pulse. 

04 

rise,  stretch  arms. 

Dioiiizeab,  Google 


Infldbnob  of  Inanition  on  Mktabolish. 


JVovem«m(f  of  mbfect. — Continued. 


January  10  (cont.). 

P.M. 

5»0«-  drtnk. 

S16    leaaont«ble, 

write. 
6  26     telephone. 
6  30    count  pulse,  write. 
S  54     move  abouL 
5  ES     Bit,  read. 


7' 00-  rl8e. 

T  02     take  temperature. 

7  04     urinate. 

7  08    food  aperture. 


S'  OO"  lean  on  table,  read. 

9  12     stand. 

9  14     arrange  bed. 

9  16     ■■ 


7  10  lean  on  table,  read.   11  00    rise. 

7  12  telephone.  11  02    close    curtain,   un- 

7  16  write.  dr«ea,  urinate,  re- 

8  08  Bit,  read.  I  tire. 


Drinking-water. — Drinkiiig-water  was  furnished  from  the  city  supply  and 
the  subject  drank  much  larger  amounts  than  any  previoua  snbject.  The 
quantities  for  each  day,  apportioned  as  nearly  as  possible  among  the  different 
experimental  periods,  are  given  in  table  65.  Great  difterences  in  the  amotmt 
of  water  consumed  daily  may  be  obserred.  While  about  1200  grams  were  con- 
sumed on  the  first  day  of  the  fast,  on  the  second  and  third  days  the  amount 
consumed  per  day  averaged  more  than  2  liters.    On  these  2  days  a  considerable 


Tabu  6S 

—Record  of  water  contumed 

^MetabolUm 

txperlm 

ent  No 

71. 

Date. 

Itot 

■  toll 

tolp.m. 

ItoS 

Btot 
p.m- 

StoT 

P-m. 

p.01. 

StoU 
p.ni. 

lUj. 

Jmi.    7-8..... 

Jan.    8-9 

Jan.    8-10.... 
Jan.  10-11.... 

Oramt. 
303.05 
B97.90 
404.60 
S84.e0 

Orrniu. 

soa.os 

898.10 
889.10 
S96.e0 

Oramt. 
198.60 
S9T.30 
IBT.aO 
194.00 

Oravu. 
198.60 
1ST. 10 
197.30 
194.00 

aoi.Sfi' 

107.40 
891.60 
16S.SS 

Onmu. 

201.66 

194!b6 
168. 5S 

Oram*. 

196 lis 
194.80 

OroMt. 

19s!4S 
848.70 

1304.40 
1978.30 
3818.90 
1486.30 

■  Period  during  whldi  water  n 

amount  of  water  was  taken  between  7  and  11  p.  m.    On  the  first  and  last 
days  no  water  was  consumed  after  7  p.  m. 

TJRim. 

The  urine  was  collected  as  usual  at  the  end  of  each  of  the  4  periods,  but 
on  the  first  day  the  subject  accidentally  mixed  the  urine  of  the  first  and 
second  periods.  Determinations  were  made  of  tiie  specific  gravity,  reaction, 
and  nitrogen  of  the  urine  for  each  period.  These  are  recorded  in  table  6fi. 
The  quantity  of  urine  voided  is  nearly  proportional  to  the  amount  of  water 
drunk,  there  being  on  the  third  day  over  2.6  liters  passed.  Throughout  the 
experiment  the  specific  gravity  was  low  and  the  reaction  acid. 

Weight,  composition,  and  heat  of  combustion  of  urine. — Aside  from  the 
determinations  nven  in  table  66  on  the  samoles  of  urine  for  the  4  usual  neriods. 
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in  fable  67.  As  in  experiments  Nob.  69  and  70  tlie  results  were  obtained  from 
actual  determinations  made  in  duplicate  in  all  cases,  and  in  maoy  cases  in 
triplicate.  The  phospborns  and  sulphur  deteiminationB  are  expressed  not  only 
in  terms  of  elements  but  also  as  oxides.  Both  elements  were  determined  by  the 
fusion  method. 


No.  71. 

Dtto. 

Period. 

(•>) 

iravlty. 

(o+W. 

Beaotion. 

Jan.  7-8.... 
Jan.  8-B. . . . 
Jan.  9-10... 
Jan.  10-11.. 

7  a.m.   to  1p.m. 
1p.m.        7p.in. 
7  p.m.       11  p.m, 
llp.m.         7..m. 

OniM*. 

}  .«>.. 

69.6 
108.4 

1.0078 
1.0158 
1.0315 

978 
S4 
106 

Sllgbtl;  add. 

8.89 
0.77 

1.78 

....do 

1IS9.6 
11B9.8 

1.0080 

1148 
1148 

S.84 
S.89 

ToUl  b7  eom- 

poaite 

7  a.m.   t<»lp.m. 
1p.m.        7  p.m. 
7  p.m.      11p.m. 
11p.m.        Ta.m. 

680. 1 
S60.0 
807.6 
332.9 

1.0043 
1.0061 
1.0098 
1.0101 

837 
547 
30« 
839 

8.04 
3.74 
1.94 
8.3S 

....do 

....do 

....do 

2031.1 
9031.1 

1.0058 

9009 
3009 

11.04 
11.09 

Total  bj  coro- 
porite. 

7  a.m.   to  1  p.m. 
lp.in.         7  p.m. 
7p.ni.       lip.m. 
11  p.m.        7  a.ia. 

753.3 
008.7 
443.8 
785.  B 

1.0046 
1.0078 
1.0048 
1.0054 

780 
606 
443 
783 

8.46 
8.47 
3.10 
4.07 

....do 

....do 

....do 

2541.6 
8941. S 

1.0048 

39:18 
8538 

18.10 
18.16 

Total  by  eom- 

po»lt«. 

7  a.m.    to  1  p.m. 
1p.m.        7  p.m. 
7  p.m.       llp.m. 
11  p.m.         7  a.m. 

Add 

....do 

....do 

....do 

Add 

644.0 
539.0 
106.8 
213.4 

1.0093 
1.0067 
1.0160 
1.0178 

640 
619 
104 
310 

s.se 

8.85 
1.47 
8.06 

141*8.8 
1489.8 

1.0087 

1478 
1473 

10.74 
10.67 

Total  b7  eom- 

poiita 

Total,*  daji... 

730S.0 

Tieo 

40.79 

BLnnNATioK  or  Waikb-Tapob. 
The  water  of  respiration  and  perspiration,  together  with  the  amount  of 
water-vapor  residual  in  the  chamber  at  the  end  of  each  3-honr  period,  ia 
recorded  in  table  68  (see  page  115).  The  daily  amounts  of  water  gained 
or  lost  by  articles  in  the  chamber  are  given  in  the  foot-note  to  the  table.  Thia 
water  was  apportioned  in  equal  amounts  among  all  the  3-hoQr  periods  of  the  day. 
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An  inspectioii  of  the  figures  in  colunm  a  Bhows  that  the  rel&tiTe  humidity 
in  the  chunb»  steadil;  decreased  during  the  4  daye,  thus  explaining  the 
continual  loes  of  moisture  from  the  bedding  and  famitore. 

The  total  vater  of  respiration  and  perspiration  diminished  from  day  to 
day,  amounting  to  744.84  grams  on  the  firot  day  and  517.66  grams  on  the 
fourth  day. 

Cittaneoaa  exaction  of  nilrogenovt  material. — During  this  experiment  and 
experiment  No.  72  immediately  following  there  was  an  average  elimination  of 
nitrogen  of  0.029  gram  per  day  found  in  tiie  perspiration. 


JaiLB-a.     Jan.S-10.   JuLlfr-U. 


(«)  Walgbt K»m«. . 

»)  Wmtw do.... 

M  Solid!  (0-6) do.... 

id)  Aih do.... 

(<)  Orgtule  mktt<r(e-^ do.... 

(/)  Nitrogen do 

(g)  CarboD do.... 

(A>  Hydro^n    Id    orginle    mttter, 

gMimi. 

(i)  OijgeD  (by  dlflereiica)  Id  orguile 

mttter,  *—{f+ff-¥\)  ...grtma.. 

(J>  Phospbora* do 

(ft)  Photphorlc  uld  b7  tntioa  (P,  O,), 

(I)  Snlpbnr ^BmB.. 

(n)  Snlpbnr  trloxlda  {BO,} do 

in)  He»t  of  combaition.  ...cttlorlci.. 


1169.5 
1188. »» 
96.  SI 
7.«6 
17.86 
6. Si 

s.ss 


S511.6 

2S00.68 

40.93 


II. Ot 


14SS.S 
14tV.36 
8S.6S 
6.94 
SO.Sl 
10.74 
7.78 

9.08 

10.06 


TMS.O 
T06S.0S 
1S0.S7 
86.60 
114. 47 
40.79 
99.88 

7.66 


6.100 
8.668 
6.686 


BuMiHATiojT  or  Caibok  Dioxn«  amv  Ab8<»ftioh  ot  Oxtoen. 

From  the  analyses  of  the  respiratory  gases,  the  quantities  of  carbon  dioxide 
and  oxygen  residual  in  the  chamber  at  the  end  of  each  period  are  obtained. 
These  are  recorded  in  columns  a  and  c  ot  table  69.  The  weights  of  carbon 
dioxide  exhaled  and  the  amounts  of  oxygen  consumed  by  the  subject  are  shown 
in  the  same  table  in  columns  b  and  d,  reepectiTely. 

There  are  especially  noticeable  differences  in  the  absolute  amounts  of  carbon 
dioxide  present  in  the  chamber,  both  from  one  period  to  another  and  from  day 
to  day.  The  remdual  amounts  tend  to  diminish  as  the  experiment  progresses, 
while  oa  the  other  hand  the  amounts  of  oxygen  tend  to  increase.  For  instance, 
the  residual  oxygen  varies  from  831.9  liters  at  11  a.  m.,  January  7,  to  1090.8 
liters  at  the  end  of  the  experiment.    Coneqtonding  to  these  wide  differences 
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others,"  the  reepiratoiy  exchange  ie  unaffected  by  a  diminished  perc^tage  of 
oxygen  unless  that  percentage  falls  below  11.    In  none  of  the  expeiimenta  tiini 


itti, 

■SL 

■.a, 

(») 

"ff 

i^r 

rtpwioa 

ol  period 

tton.' 

Jm.  0-10: 

FraUmiDirj :   1k.iq.... 

7ft.m.  to  9  k.m. 

la-m.  1 

>  8k.m 

40.6 

«4.0 

9i.m.      11a.m. 

81.4 

61.0 

Slid. 

5«.m. 

ST.« 

S9.7 

11a.m.         1p.m. 

80.1 

45.0 

OK.m. 

7  ft.m 

88.8 

SS.8 

Ipin-         SP-" 

98.9 

48.7 

ToUl 
Jw.  7-8: 

188.0 

Sp.m.        6p.m. 

Sp.m.        7p.m. 

Tp.ni.        BP-n. 

99.8 
80.9 

59.1 
46.9 

1  9».iii. 

88.7 

48.1 

9».ID. 

U«.m. 

4g.o 

81.3 

11p.m.        la.m 

38.6 

44.3 

ll».m. 

37.7 

44.7 

lp.in. 

Bp-m. 

4S.1 

ei.8 

8a.m.        6a.m 

98.0 

48.5 

Bp.m. 
6  p.m. 
Tp.».. 

Sp-m 

41.8 
49.3 
8S.S 

70.1 
M.7 
70.6 

6a.m.         7a.m 

ToUl 

36.8 

48. t 

....   1     667.6  1 

Jan.  10-11: 

11  p.111. 

iSLm. 

88.1 

6S.8 

la-tD. 

8k.  m. 

50  7 

37.6 

43.6 

8  a.m. 

37.8 

43.6 

Sk.1D. 

7».ni 

88.9 

60.0 

6p.m.        7p.m 

TP.«.        »P.m 

38.4 
38. 1 
98.1 

48.8 
48.4 
48.8 

Tot«l 

744.8 

Tk.m.  to  »*.iii. 

9p.m.      llp-m 

88. S 

89.7 

9«.in. 

ll».m. 

ll».m. 

1p.m. 

8p.m. 

8  p.m. 
Bp.m. 
Tp.m. 

epm. 

81  .B 
80.8 
81.1 

60.5 
66.7 
6S.7 

617.7 

"PI»- 

!W.7 

W.9 

49.1 

87. 6 

46.9 

B8.g 

44. S 

ToUl 

88.7 

51.4 

1 

665.3 

\ 

«  bT  tin 

u;  Jan. 


tha  atMAcF,  etiatr,  baddlnf.  and  mUcellanMOa 
LO.  8-9,    69.46  granu;  JaHTft-lO.  S1..18  snna; 

remaining  in  the  chamber  a^pproached. 
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Xasu  it.— Record  of  carton  MoxUe  and  oxifffO»--Meta1>olitm  weporlment  So.  71. 


Cuboo  dkndda. 

Oupa. 

(a) 

») 

(c) 

U) 

Data. 

Ftriod. 

Anul^tln 

T^Ul 

Amo^tb. 

lirtil 

puiod. 

ptrlod. 

brnbjtM. 

1S05. 

Onmt. 

Onmt. 

KUrt. 

Ormmt. 

JaD.  7 

1  a.  m 
1  a.  m 

32.9 
28.8 

42:? 

918.2 
907.3 

SB.* 



to    3  a.  m.. 

3  a.  m.         5  a.  m.. 

30.6 

44.7 

887.1 

28.9 

Jan.  7-8 

5  a.  m.         7  a.  m. . 

Total 

7  a.  m  to    9  a.  m.. 

34.4 

51.8 

863.9 

48.7 

....  1        139,2 

J13-0 

41.5 

86.1 

845.9 

77.3 

9  a.  m 

11  a.  m.. 

56.9 

105.2 

831.9 

71.5 

11  a.  m 

I  p.  m. . 

41.0 

61.6 

843.3 

51.6 

I  p.  m 

3  p.m.. 

39.3 

53.4 

846.9 

50.6 

3  p.  m 

5  p.  m. . 

33.1 

51.3 

858  .-4 

45.6 

5  p.  m 

7  p.  m . . 

34.fi 

51.7 

861.9 

47.9 

7  p.  m 

9  p.m.. 

3fi.3 

60.6 

871.0 

56.0 

9  p.  m 

11  p.  m.. 

24.9 

39.1 

36.5 

11  p.  m 

1  ^m.. 

23.2 

39.9 

892.2 

35.0 

1  a.m 

3  a.  m. . 

24.6 

41.1 

899.6 

37.1 

3  a.  m 

6  a.  m.  . 

35.1 

38.5 

927.3 

40.2 

Jan.  8-9 

6  a.m 

7  a.  m. . 

37.7 

40.5 

948.4 

39.8 

Total 

7  am.  to    9  a.m.. 

669.0 

....1         589.1  1 

35.1 

74.7 

942.8 

74.1 

9  a.  m 

11  a.  m.. 

30.2 

54.7 

961.4 

67.7 

11  a.  m 

I  p.  m. . 

30.5 

53.3 

963.0 

46.5 

I  p.  m 

3  p.  m. . 

29.0 

52.7 

971.6 

54.7 

3  p.  m 

5  p.m.. 

23.6 

993.0 

31.9 

6  p.  m 

7p.  m,. 

24.4 

48;6 

1003.5 

48.4 

7  p.  m 

9  p.  m. . 

26.1 

60.3 

1015.9 

52.6 

9  p.  m 

11  p.  m.  . 

19.9 

36.8 

1035.7 

33.0 

Up.m 

1  a.  m.  . 

21.2 

41.2 

1054.3 

38.3 

lS.m 

3  a.  m.  . 

20.4 

39.4 

1053.5 

39.7 

3  B.m 

5  a.  m.. 

22.7 

40.1 

1060.4 

33.6 

Jan.  9-10.... 

6  a.m 

7  a.  m.  . 

21.9 

1070.2 

33.6 

Total 

7  a.  m.  to    9  a.  m.  . 

570.2 

.... 

554.1 

34.6 

62.7 

1070.4 

66.5 

9  a.  m 

11  a.  in.. 

26.8 

44.5 

1078.3 

44.5 

11  a.  m 

1  p.  m. . 

28.2 

47.2 

1074.8 

42.6 

1  p.  m 

3  p.  m. . 

28.3 

53.2 

1078.2 

49.7 

3p.  m 

5  p.  m . . 

30.1 

51.4 

1070.7 

50.6 

A  p.  m 

7  p.  m. . 

28.7 

51.1 

1074-6 

48.5 

7p.  m 

9  p.  in. . 

29.3 

46.2 

1069.6 

47.5 

9  p.  m 

11  p.m.. 

26.3 

57.4 

1059.8 

56.2 

11  p.  m 

llm.. 

22.0 

36.3 

1051.9 

32.3 

I  a.m 

3  a.  m. . 

19.7 

33.5 

1049.9 

32-1 

3  a.  m 

&  a.  m. . 

23.3 

37.2 

1041.7 

36.7 

5  a.  m 

7  a.  m.. 

19.fi 

33.3 

1039.6 

30.8 

Tot 

b1 

654.0 

538.0 

Dioiiizeab,  Google 


HbTABOLISU  EzfEBIlCBNX  No.  71. 


Tabu  69.— Accord  of  carbon  dU>xide  and  oxyoen — Contlnaed. 


DkU. 

Cwboo   dioiUfc 

Qxtvi.              j 

Period. 

.4 

"^ 

S.mit. 

Jan. 'iTu... 

7a 
9  « 
11  & 
IP 

3  a. 

m 
m 
m. 

to    9  a.  m.. 
11  a.  m.. 
1  p.  m. . 
3  p.  m . . 

5  p.  in.. 
7  p.  m. . 
9  p.  m.  . 

11  p.  m.. 
1  a.m.. 
3a.m.. 

6  a.  m.  . 

7  a.m.. 

27;? 

26.9 
29.0 
29.9 
28.2 
23.0 
26.9 
20.0 
20.3 
IS. 9 
19.6 
19.0 

Oram*. 
56.8 
45.4 
46. S 
48.1 
47.1 
44.3 
46.6 
37.2 
35.4 
33.2 
31.8 
36.7 

Liten. 
1034.6 
1038.0 
1037.0 
1038.8 
1048.7 
1002.4 
1066.0 
1074.4 
1074.2 
1080.4 
10S3.1 
1090.2 

55.1 
41.8 
41.4 
63.5 
46.5 
42.9 
46.1 
36.0 
32.2 
36.9 
34.1 
27.2 

Tnt. 

id 

508.1 

492.7 

That  the  amonnt  of  carbon  dioxide  eliminated  is  greatest  od  the  first  day  is 
largely  due  to  the  extra  mosctdar  exercise  taken  during  the  eecoud  period. 
During  this  period  it  is  seen  that  there  were  105.3  grams  of  carbon  dioxide 
eliminated,  while  for  the  same  period  on  the  subeeqaent  days  from  45  to  55 
grams  were  exhaled.  The  TniniTnnm  carbon  dioxide  elimination  was  reached 
on  the  last  day. 

The  largest  consumptiOQ  of  oxygen  occurred  on  the  first  day  and  the  smallest 
on  the  laBt  day.  The  marked  increase  in  the  absorption  of  oxygen  that  would 
naturally  be  expected  as  a  result  of  extra  muscular  work  is  not  apparent  during 
the  second  period  of  the  first  day.  The  difficult  of  determining  the  respiratory 
quotient  and  especially  the  oxygen  consumption  for  short  periods  during 
severe  muscular  work  has  previously  been  pointed  out."» 

In  general,  the  falling  oft  in  the  consumption  of  oxygen  from  day  to 
day  is  roughly  proportional  to  the  decreasing  quantities  of  carbon  dioxide 
eliminated. 

BuaiKNTS  Katabolized  uf  THK  Boot. 

The  amounts  of  elements  katabolized,  as  computed  from  the  result  of  the 
various  elementary  analyses,  are  given  in  table  70. 

Elements  and  materials  kataiolked  in  the  body. — The  elements  katabolized 
from  the  body  and  the  amounts  of  katabolized  materials  (computed  by  means 
of  the  formulse)  are  given  for  each  day  in  table  71.    Of  especial  significance 

■^U.  S.  Dept  Agriculture,  Office  of  Bzp.  Sta.  Bnl.  176. 
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ii  the  marked  flnctn&tion  of  the  protein  katsbolized,  the  qnaati^  for  the  flnt 
day  being  very  small,  i.  e.,  3&.04  grams.  The  nenal  large  kataboliam  of  carbo- 
hydratea  takea  place  on  Ihe  first  day,  irhile  on  Uie  3  aocceeding  dayi  the  loM 
it  much  less  and  rery  ctmstant 


tl. 

M 

■to. 

CMbon. 

B^. 

OKnm. 

(1) 
JUL. 

Fir^day,Jm.7,190e. 
Ineome:  Ox7gen  from  ait 

Sni 

Oroau. 

Otmu. 

Onmt. 

Orwrn*. 
589.12 

OWH. 

1133.99 
26. SI 
744.84 
660.04 

6^84 

6!22 
182!45 

126.89 
1.16 
83.36 

1007.10 

6.64 

661.49 

486.69 

7:66 

Total      

2573.38 
1984.26 

6.84 
5.84 

187.67 
187.67 

211.40 
211.40 

2160.82 
1571.70 

7.66 
7.65 

Lorn 

S»eviidda]/,Jan.8.t90S. 

Inoome:  Oxygea  from  air 

Outgo: 

554.11 

664.11 

1984.11 
36.99 
666.19 
570.17 

liioi 

165 ! si 

222.02 
2.02 
74.43 

1762.09 

9.58 

590.76 

414.66 

6!66 

Total 

3266.46 
2702.35 

11.04 
11.04 

163.80 
163.80 

298.47 
298.47 

2777.09 
2222.98 

6.06 
6.06 

LOM 

Third  day,  Jan.  9, 1906. 
Ineome:  Oxygen  from  air 

°"  Water  in  t«il 

537.97 

637.97 

2600.68 
40.92 
667.66 
653.97 

isiio 

8!m 
i6i:c» 

279.83 
2.29 
63.62 

3220.85 
11.04 
604.14 
402.88 

5!85 

Waterof  reapiration ■ 

Total 

J663.23 
3126.26 

13.10 
13.10 

159.73 
159.73 

346.64 
345.64 

3138.91 
2600.94 

6.86 
6,86 

horn 

Fi)Wihday,Jan.l0.i906. 
Inoome:  Oi^^n  from  air 

492.74 

492.74 

1449.26 
36.55 
617.86 
608.13 

16:74 

7:73 
138:68 

162.17 
2.08 
67.93 

1287.08 
10.06 
459.73 
369.66 

5:94 

Total 

2511.69 
2018.86 

10.74 
10.74 

146.31 
146.31 

222.18 
222.18 

2126.42 
1633.68 

5.04 
6.94 

w:::;;:::;:;..::;:;; 

iIoeludM  aln  watai  of  parqilntlon 


Bdlancs  of  loater. — The  nanal  method  of  obtaining  the  actual  loss  of  water  to 
the  body  -was  followed  in  this  ezperiment.  While  the  quantity  of  urine  voided 
results  in  a  large  elimination  of  preformed  water,  this  output  is  nearly  com- 
pensated by  the  nnasiially  large  amoonts  of  water  consmned.  The  amomito  but 
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(cdimm  f,  table  72)  irere  fairly  constant  save  on  the  last  day  of  the  experiment 
The  data  are  given  in  table  t%. 

Chamoes  nt  BovT-WEraHT  Ooiiruo  with  Bai-akck  ot  Iiroou  asd  Odtoo, 
As  in  preceding  ezperimente,  actnol  weighings  were  used  to  check  the 
compated  loflaes  of  body  material.    From  the  records  of  the  weights  of  drinking' 


Dftt*. 

(o) 
Nltro- 

(ft) 
Oarban. 

Hydpo- 

(d) 

Water. 

PTOtein 

Fat. 

(1) 

COg«D). 

(0 
Aali. 

J»n.    7-8 

J«n.    &-9 

Jrd.     ft-10. . . . 

JkD.  10-n.... 

ToU1,«4>;b. 

B.S4' 
It.M 
18.10 
10. 7t 

187. at' 
168.80 
159.78 
148.81 

Oram: 
811.40 
898.47 
848.64 
333. It 

1571.70 
9298.08 
3600.84 
1888.08 

Oramu. 
1648.94 
2449.08 

3877.07 
1781.13 

Oram: 
SB. 04 
66.34 

78.60 
64.44 

116.68' 
163.30 

143. eo 

188.01 

Oram: 
181.64 
39.69 
33.04 
35.88 

Oram*. 
7.66 
6,06 
5.85 
H.»4 

40. 7S 

657.51 

1077.68 

W.80 

8761.81 

344.83 

544.78 

358.70 

86.60 

Date. 

Outco  from  the  body. 

OalaDce  of  preformed  water. 

Wa^of 
tionof 

Wat*r 

"83?- 

and 

pewplfB- 

tlon. 

(0) 

Total 

St 

outgo. 

LOMOt 

IMS. 

ST.- 

1984.1 
B600.7 
1449.8 

744,8 
866.3 
567.7 
617.7 

Oramt, 
1878.8 
3049.8 
8068.4 
1866.9 

Oram. 
1 1648.9 
■3448.1 
13877.1 

1791,1 

OroM. 
1304.4 
1978.3 
3313.9 
1485. S 

.■Br.- 

1*75.9 
'564.8 
805.8 

384.9 
300.9 
181.8 
175.8 

Total  tor  4  dar*. . . . 
Average  perdaj.... 

7068.0 
1767.0 

3485.4 
638.8 

9568.4 
3880.8 

8761.3 
3190.8 

8976.8 
1744.0 

1785.4 
446,8 

803.3 
800.6 

*  Doei  not  Indnde  n 


r  ot  fecet.     (Be*  p.  122.) 


water  and  oxygen  consumed,  the  total  income  ia  computed  and  recorded  in  line 
c  of  table  73.  The  out^  requires  special  consideration.  Contrary  to  the  ex- 
perience of  the  subjects  of  e]q>eriment8  Kob.  59,  68,  and  69,  the  subject  of  this 
experiment  defecated  on  each  of  the  first  3  daya.  The  large  amount  of  vege- 
table material  in  bis  diet  affected  peculiarly  the  passage  of  feces,"  as  is  espe- 

*  For  dlMuoslon  tf  this  point,  ne  Section  on  Feow,  Part  8,  of  thli  report. 
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cially  noticeable  on  the  first  day.  The  weif^te  of  fresh  feces  were  as  follows : 
At  SI*  36"  a.  m.,  January  7,  241.5  grama;  at  7**  24"  a.  m.,  January  8,  41.3 
grams;  and  at  7"  24"  a.  m.,  January  9,  48  grams.  As  was  customary  in  all 
the  fasting  experimente,  the  Bubject  had  taken  a  gelatin  capsule  filled  with 
lampblack  with  the  last  meal  immediately  preceding  the  fast.  Since  none  of 
this  fecal  matter  was  colored  with  charcoal,  it  was  obvious  that  it  bdonged 
distinctly  to  food  taken  previooBly.  It  was  therefore  not  a  product  result- 
ing from  fasting  metabolism.  Since,  however,  feces  were  actually  passed  they 
should  he  taken  into  consideration  in  the  balance  made  in  table  ?3. 


J«n.7-8. 

JtD.M. 

Jan.  3-10. 

JW1.10-U. 

ToUl  for 
4d.r>. 

per  day. 

Income: 

laoi.to 

688.19 

Oram: 
1373.30 
564.11 

Oram*. 
8313.90 
687.37 

Oram,. 
1488.30 
492.74 

Oram$. 
6976.80 
8178.94 

1748.95 
648. 4H 

(«)  ToUl(a  +  6). 

Outgo: 

1798.63 

2S37.S1 

8850.87 

1978.04 

9149.74 

3887.44 

UG9.50 
341.  GO 
660.04 

744.84 

1736.30 
41.80 
670.17 

666.19 

9138. SO 
48.00 
668.97 

667.68 

2008.80 
608! 18 

617.66 

7*03.00 
830.80 
8801. SI 

8496.36 

1860.75 
83.70 
676.83 

638.84 

(/)  CftTboD  dioxide. . . . 

iff)  Water  of  reiplra- 

tlnn  ud  i>«nplrft- 

{»)  TotadM+Z+ff) 

W)Q«Iii(+)orlofi(-}*I 

bodjmaUriKl(«-Jt).. 

y)0«ln(+)orlom-)of 

3873.38 

3033.36 

S369.93 

3084.09 

13199.66 

3049.03 

-1070.86-604.05 
1 

-409.06    -10B6.06 

-8049.92 
-3180,00 

-763.48 
-783.60 

>Tbe  dat*  In  tUa  line  alionld  not  ba  confonnded  with  nrlne  data  In  other  lablea.  (Etee 
eiplanstloQ,  p.  66.) 

•Not  Incladed  In  the  total  oatgo.     (8a«  p.  119.) 

Comparison  of  lines  t  and  j  of  table  73  shows  very  eatisfactory  agreement  on 
the  second  and  third  days  between  the  losses  of  body  material  and  losses  in 
weight.  On  the  last  day,  however,  there  is  a  considerable  error.  The  difficulties 
of  Becuring  the  complete  accuracy  of  this  balance  have  already  been  dwelt  upon. 

In  the  previous  fasting  experiments  here  reported  no  feces  had  been  passed 
during  the  experimental  period.  In  this  experiment,  however,  feces  were 
passed  on  the  first  3  days  which  evidently  were  the  resultant  of  food  taken 
previous  to  the  fast.  But  as  it  was  found  impracticable  to  separate  fasting 
feces  from  Uiose  of  food  preceding  fasting,  which  were  in  this  and  some  sub- 
sequent  experiments  excreted  during  the  fasting  period,  the  best  method  of 
using  the  weights  in  the  computations  was  not  clear.  The  uncertainty  as  to 
the  nature  of  the  feces  seemed  to  make  it  desirable  to  eliminate  them  from  the 
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Tabu  14. — Bummary  o 


PrellmtiiM; : 
1  k-in.  to   8K.III. , 
tl^tn.         Sa,iii.. 


lp.Ill 

8p.m 

»p.n 

Sp.n 

Tp.ii 

9p.ro 

9p.ii) 

llp.in 

llp.B 

lB.II 

S  ■■m 

8a.  u 

6  turn 

Ta.m 

to  9k.m.. 

II  tLIU'- 


Sp.m. 


9  p.n 
np.n 


Total.. 


Heat 


7T.B 
BT.e 
93.  B 


H«at 


4S.0 
89. S 
49.6 
40.7 
43.0 


SI. 8 
SI.O 
80.8 


89.0 
86.0 
SS.8 
81.7 
81.7 
81. S 
29.0 
3S.1 


81. S 
28.8 
80.4 


SO.l 
27.7 
38. 0 
97.3 
97.0 


-31.4 
+  31.8 
-11.7 
-48.0 
+  47.0 
+  6.1 
+  80.8 
-  e.B 


•188.7 
'118.8 
'182.6 
'874.1 
307.0 
'876.9 
3(M.G 
178.1 
141.0 
196.4 
10B.6 
87.8 
157.9 
110.1 
183.0 
114.8 
1970.8 


-  1.7 

-  7.6 
+  4.1 
-11. a 

-  86.1 
+  41.0 

-  1.6 


-37.8 
+  10.7 
+  a. 8 

-  6.1 

-  8.6 
+  80.7 

-a3.< 

—38.1 
+  61.6 
-11.1 
+  18.8 
+  17.6 
+  36.6 


188.8 
168.3 
188.0 
116.6 
178.0 
138.8 
97.6 
171.0 
118.4 
180.7 
140.0 


184.7 
1S4.1 
160.4 
148.7 
153.4 
184.6 
188.1 
139.6 
181.6 
119.8 
138.3 
131.3 


ble^eie  ergometcr. 
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Tabli  74. — i9«in«Mir|r  o 


il  lUdt  prodHCHOM— 


Date. 

Fmlod. 

Beat 
t«nM 

(0) 

A 

tlon 
W+b+e). 

tiona.' 

,^,„.;r 

7a.m.  to  9a.m 

9a.m.      11  a.m 

"•■"»■        Ipn 

1p.m.        8p.m 

8p.m.        Sp.m 

Sp.m.        7p.m 

7  p.m.        9  p.m 

9p.m.       llp.m 

11p.m.        la.m 

1a.m.        8«.m 

8a.m.         Ba.m 

Sa.m.        7a.m 

"■an 

119.8 
11S.« 
118. 1 

iia.« 

119.0 

ias.8 

99.S 
89. S 
88.9 
78.7 
78.4 

9T.0 
ST.O 
87.7 
97.8 
SO.fi 
ST.  8 
18.8 
98.4 
97.S 
85 .9 
S4.0 

+   8.4 
+   8.8 

-  4.7 

-  0.0 
+   4.0 
-19.5 

-88.1 
+  48. T 

-  0.8 
+  11.9 
+  17.8 

164.7 
148.8 
149.1 
140.1 
140. S 
188.8 
88.7 
189.8 
114.8 
117.8 
118. 8 

1971.0 

898.8 

+   8.8 

1805.8 

■Sm  pp.  43-49. 

energy  and  heat  compntatiotis.  Afl  shown  above,  the  feces  passed  daring  the 
experiment  were  not  an  excretory  product  as  a  result  of  fasting  metabolism 
and  had  thej  been  retained  in  the  colon  until  the  end  of  the  experiment  would 
have  affected  in  no  wise  the  heat  or  energy  balance."  Indeed,  in  some  of  the 
fasting  experiments  the  feces  were  artificially  removed  by  means  of  an  enema 
before  the  snbjeet  entered  the  chamber,  and  none  were  passed  daring  the  time 
of  the  experiment  Accordingly  in  the  fasting  experimenta  it  was  sssumed  that 
the  feces  were  retained  in  the  body,  and  hence  the  weight  of  material  as  well  ae 
the  heat  lost  by  cooling  from  body  temperature  to  calorimeter  temperature 
were  computed  and  corrected  for,  in  column  c  of  table  74.  Allowance  has 
been  made  in  line  ;  of  table  73  for  feces  passed,  the  amounts  being  deducted 
from  the  total  loss  of  weight  in  order  te  make  the  date  comparable  with  the 
balance  of  income  and  outgo.  The  feces  passed  during  the  fasting  experiments 
were  not  analyzed. 

Output  <w  Heat. 
The  calorimetric  measurements  are  summarized  as  nsnal  and  correction 
made  for  changes  in  body  temperature  and  body-weight.  The  total  heat 
production  is  recorded  in  column  d  of  teble  74.  Although  the  data  for  the 
preliminary  night  are  also  included,  it  is  to  be  borne  in  mind  QitA  the  valae 
of  the  resulte  for  these  three  periods  is  somewhat  uncertain  becanae  of  the 
necessary  incompleteness  of  preliminary  heat  corrections. 
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Table  74  shows  that  the  total  heat  productioD  vas  greatest  on  the  first  day 
and  smalleat  on  the  last  da;.  The  extra  heat  eliminated  as  a  reenlt  of  tbe 
mnacolar  irork  doring  the  second  period  of  the  first  da;  was  markedly  evidenl^ 
for  on  the  firat  day  there  were  276.83  calories  prodnced  as  against  an  average 
of  less  than  165  calories  for  the  correqwndiog  period  of  the  remaining  days. 

BujtStm  ot  BmwT. 

Table  75  shows  the  method  of  deriving  the  compated  beat  prodactiou  and 
the  comparison  of  these  results  with  the  heat  production  as  measured. 

It  is  true  of  this  experiment,  as  of  No.  69,  that  the  total  energy  derived 
from  different  sources  was  on  each  day  larger  than  tiie  heat  production  as 
measured.    The  smalleet  discrepancy  occurred  on  the  second  and  the  largest 


Date. 

BnMgy  deriTad  from  aiiTerent  ioiuoc 

«. 

output. 

From  body  protrtn. 

(d) 

r»t. 

(e) 

Totel 

(a) 

.■„„ 

nrlM. 

(e) 

N«t 

U-0). 

Hi 
Pro- 

J«.T8.... 
Jan.  S-8  .... 
Jan.  <t-\0.... 
Jan.  10-11.... 

TotaI,4d>TB. 

At.  p«r  d*7.. 

87* 
444 
804 

Bl 

BS 

383 
84B 

378 

14S8 
1S6S 
1309 

194 
93 
lOS 

1880 

1800 

less 

"^0 

1844 
174S 

leos 

<7«H. 
+   48 
+    18 
+    S4 
+   47 

Per  St. 
+  8.8 
+  0.9 
+  8.1 
+  9.9 

1880 
845 

884 
88 

1040 
209 

1W9 

1088 
371 

789« 
1833 

7168 
1793 

+  160 
+  «0 

+  9!9 

on  the  third  day.  These  diBcrepancies  were  respectively  +0,9  and  +3.1 
per  cent  of  ibe  measured  heat  production.  The  average  discrepancy  for  the  4 
days  was  +40  calories  or  +2.S  per  cent.  While  the  percentage  error  is 
considerably  greater  than  might  be  expected  from  the  previous  experiments 
made  with  this  apparatus  and  from  the  results  of  a  large  number  of  alcohol 
check  tests  made  with  it,  nevertheless  in  considering  these  percentage  errors 
it  is  important  to  note  that  the  actual  quantity  of  heat  measured  is  much 
smaller  than  in  any  experiment  heretofore  recorded.  On  the  fourth  day  of 
this  experiment  the  heat  production  was  little  over  1600  calories. 

BxLATions  or  Oxranr  Consuvmoir,  Cabboit  Dioznw  BumiiATioir,  un>  Hkat 
Piooucnoir. 

The  oxygen  and  carbon  dioxide  thermal  quotients  and  the  respiratory 
qnotienta  for  the  different  periods  of  the  4  days  of  the  experiment  are  given 
in  table  76. 
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71. 

(a) 

<» 

<o) 

«) 

(e) 

v«„lva„ 

<ft> 

Date  ma  period. 

Total 

s 

Oirren 

CarbOD 

OarboD 
dloilde 

•IHnl- 
nated. 

o( 

MX0.M91 

(6xaT). 

if*a>. 

IKW. 

Jm.  7: 

Fnllmlurj: 

aau. 

OroM. 

Onrnt. 

Liter,. 

UMTJ. 

1  a.n>.  to  S  LID. 

■188.7 

85.4 

37.6 

43.7 

33.2 

81.8 

84.8 

0.88 

3>.in.       Ba.QL 

1119.8 

88.9 

8B.7 

44.7 

89.6 

83.7 

30.3 

1.18 

5  ■.m.       7  LID. 

ToUl 

Jan.  T-8: 

■139.6 

48.7 

86.7 

61.8 

89.0 

30.4 

84.1 

.77 

■87*. 1 

118.0 

80.8 

189.3 

87.8 

70. » 

79.1 

.00 

7  a.Di.  to  «  a.m. 

»7.« 

77.8 

87.3 

88.1 

41. B 

48.8 

54. 1 

.81 

9  a.m.       1  a.m. 

sm.e 

71.5 

85.8 

10B.8 

88.0 

53.6 

50.0 

1.07 

11  a.m.     llp-m. 

304.8 

51.6 

36.8 

6t.6 

30.1 

81.4 

80.1 

.87 

lp.in.       Bp-in. 

172.1 

50.6 

39.4 

53.4 

81.0 

97.3 

35. 4 

.77 

8  p.m.        Sp.m 

141.0 

46.6 

83.8 

51. 8 

86.4 

36.1 

31.0 

.88 

5  p.m.       7  p.m. 

196.4 

47.9 

24.4 

61.7 

96.8 

26.8 

38.8 

.T» 

7  p.m.       flp-m. 

IflS.e 

GO.O 

83.0 

60.6 

85.7 

30.9 

39.3 

.79 

9  p.m.        lp.m 

87.8 

86.5 

41.8 

89. 1 

44.8 

19.9 

35.6 

.78 

Up.m.     lla.m 

157.9 

86.0 

88.2 

39.9 

85.3 

30.8 

34.8 

.83 

1a.m.        3a.m 

110. 1 

87.1 

88.7 

41.1 

87.8 

20.9 

30.0 

.81 

S  a.m.       5  a.m 

183.0 

40.3 

80.6 

38.5 

89.1 

19.6 

28.3 

.70 

Total 

Jan.  8-9: 

114.9 

39.8 

84.7 

40.5 

86.3 

80.6 

87.9 

.74 

I9T0.3 

689.1 

811.9 

809.0 

84.0 

340.6 

413.4 

.88 

7a.m.  tog  a.m. 

340.4 

74.1 

80.8 

74.7 

81.1 

88.0 

SI. 8 

.73 

9  a.m.      lla.m 

183.8 

07.7 

87.1 

64.7 

80.0 

27.8 

47. 4 

.59 

Ilft.m.        lp.m 

10S.3 

46. 6 

27.7 

58.8 

81.7 

37.2 

38.0 

.83 

1p.m.        8p.m 

168.0 

64.7 

89.6 

63.7 

31.4 

30.8 

88.3 

.TO 

Sp.m.       6  p.m. 

115.5 

31.9 

87.6 

39.1 

38.0 

19.0 

23.8 

.89 

6  p.m.        7  p.m. 

1T8.0 

48.4 

38.0 

48.6 

38.0 

34.7 

88.9 

.73 

7p.m.        »p.m. 

138.8 

58.6 

88.0 

50.8 

86.4 

35.6 

36,8 

.70 

»p.m.      11  p-m. 

97.5 

88.0 

38.8 

86.6 

87.8 

18.8 

83.1 

.81 

11  p.m.        1  a.m. 

170.9 

88. 8 

33.4 

41.8 

34.1 

^1.0 

20.8 

.78 

1  a.m.        8  a.m. 

118.4 

89.7 

38.5 

S9.4 

38.8 

30.0 

37.8 

.78 

8  a.m.       6  a.m. 

180.7 

38.6 

85.T 

40.1 

80.7 

80.4 

33.5 

.87 

5  a.m.       7  a.m. 

ToUl 

Jan.  9-10; 

140.0 

88.6 

33.9 

39.4 

88.0 

80.1 

33.0 

.85 

1848.8 

554.1 

80.1 

0T0.2 

30.9 

890.3 

387.0 

.76 

7a.m.  to  9  a.m. 

184.7 

80.6 

80.0 

03.7 

33.9 

81.9 

46.6 

.09 

9  a.m.      11  a.B. 

154.1 

44.6 

28.9 

44.5 

88.8 

88.6 

81.1 

.73 

11a.m.       1p.m. 

ieo.4 

43.8 

80.6 

47.3 

39.4 

34.0 

89.8 

.81 

1p.m.       8  p.m. 

148.7 

4B.7 

83.4 

63.8 

86.8 

37.1 

34.8 

.78 

8  p.m.       6  p.m. 

163.4 

60.6 

83.3 

61.4 

83.8 

86.2 

85.4 

.74 

6  p.m.        Tp.m. 

184.5 

48.5 

30.8 

61.1 

37.7 

80.0 

34.0 

.77 

Tp.m.      6  p.m. 

188.1 

47. B 

84.4 

48.2 

88.4 

23.5 

88.3 

.71 

9  p.m.      11  p.m. 

129.8 

60.9 

48.4 

67.4 

44.3 

89. 8 

39.8 

.74 

11p.m.       1  a.m. 

181. B 

38. S 

34.0 

30.3 

37.6 

IS. 6 

89,6 

.88 

1a.m.       Sa.m. 

113.8 

38.1 

38.5 

33.5 

89.7 

17.1 

22.5 

.76 

8  a.m.       Ba.m. 

138.3 

30.7 

38.0 

87.8 

39.0 

18.9 

85.7 

.74 

6  a.m.       7  a.m. 

131.8 

30.8 

86.4 

33.8 

97.6 

17.0 

31.0 

.79 

Total 

1746.3 

638.0 

30.8 

654.0 

31.7 

383.0 

876.6 

.76 
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Date  and  period. 

(ft)            W 

Carbon 

(e) 
Cartmn 
dloiMe 

quotlsot 
(lOM+o). 

(dxlLtMl) 

yo'ffe 

(hi 
^Pl- 

Jbd.  10- 
7».m 
9a.m 

11  a.  m 
lp.m 
8p.m 
Sp.m 
Tp.m. 
8p.m 

11  p.m. 
la.iiL 
8ft.nL 
Sa.m 

I: 

ea.m. 
11  a.  m 

B 

11p.m. 

lB.m 
Sa-m 
7  a.m. 

St, 

154.7 
148.0 
148.1 
140.1 
140.6 
188.4 
80.8 
188.0 
114.0 
117.8 
118.:i 

*sri 

41. e 

«1.4 

68. S 
40.5 
4S.e 
46.1 
80.0 
BS.a 
80.9 
84.1 
87. « 

83.4 
27.0 
27.9 
87.0 
88.9 
89.8 
88.8 
41.6 
24.8 
82.8 
29.0 
33.0 

40.4 
40.5 
48.1 
47.1 
44.8 
40.6 
87.2 
8S.4 
68. 2 
81.8 
85.7 

S8.8 
29.4 
81.8 
88.8 
88.0 
80.8 
84.9 
42.9 
20.7 
29.0 
87.1 
80.9 

Liter*. 
28.9 

as.i 

28.7 
24.6 
24.0 
23.0 
33.7 
18.9 
18.0 
18. B 
10. S 
18.2 

LUen. 
88. 0 
S9.a 
99.0 
87.6 
83.6 
SO.O 
81. e 
2S.S 
92.0 
30.9 
38.9 
19.0 

o.7.^ 

.79 
.83 
.05 
.74 
.76 
.78 
.75 
.BO 
.65 
.68 
.90 

To 

Ul 

1«06.T 

4M.7 

80.7 

608.1 

81.7 

268.7 

844.9 

.76 

The  oxygen  theimal  qootjeiite  undergo  marked  changes  from  one  period 
to  another.  For  example,  between  9  and  11  p.  m.  it  is  in  general  very  moch 
larger  than  between  11  p.  m.  and  1  a.  m.  owing  to  the  difficulty  of  accnrate 
oxygen  determination  in  periods  in  which  there  are  differences  in  the  degree 
of  muBcnlar  activity  and  apparent  changes  in  temperature  at  the  beginning 
and  end  of  the  period  dne  to  difference  in  bod;  poaition  with  reference  to  the 
thermometers.    Similar  irregularities  are  noted  in  the  other  quotients. 

It  is  worthy  of  note  that  for  the  second  period  of  the  first  da;  an  unusually 
high  respiratory  quotient  is  recorded.  This  value  has  no  significance  owing 
to  the  errors  already  pointed  out  in  the  determination  of  oxygen  consumption 
for  this  period.  The  daily  respiratory  quotient  after  the  first  day  remained 
practically  constant 
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Metabolism  Experiment  No.  72. 

This  experiment,  which  coDtinned  only  one  day,  immediately  followed  the 
4-day  fasting  experiment  Ko,  11.  It  had  been  planned  to  continue  tiie 
experiment  for  several  days,  bnt  the  subject  was  unwilling  to  remain  in  the 
chamber  more  than  one  day.  The  experimental  data  are  therefore  necessarily 
somewhat  incomplete  and  unsatisfactory,  but  so  far  as  the  measurements  of 
katabolism  are  concerned  ihej  are  snfificientiy  accurate  to  warrant  their  presen- 
tation. The  statistical  data  for  tiie  experiment  appear  in  the  tables  which 
follow. 

Notes  from  diary. — The  experiment  began  at  7  a.  m.,  January  11, 1905,  and 
continued  24  hours.  As  in  tlie  previous  experiment,  the  subject,  S.  A.  B., 
took  copious  notes  concerning  his  physical  condition.  Extracts  from  ttiese 
notes  are  given  below. 

Vote*  from,  Aiary. 


Jan.  11, 1946: 

T*30~  a.  m.  Feel  conalderablr  better.  Am 
not  drinking  mucli  water,  becanae  It 
tastea  very  badly. 

B*15~  a.  m.  Defecation. 

1^30- p.  nL  Drank  VA  botUea  of  milk. 
Feel  Terr  much  stronger  and  mj 
brain  Is  clearing  up  Quickly;  can 
think  more.  The  redness  of  my 
eyee  has  paused  away  and  tbey  are 
considerably  clearer. 

4^30"  p.  m.  Have  Just  Onlslied  anotber 
portion  of  milk,  which  lasted  very 
good.    Am  very  hungry. 

6'30~p.m.  Have  had  no  hiccoughs  or 
any  pain  of  the  heart  or  cramps  In 
stomach.     Am   becoming  stronger, 

ocrann  CAumatwrt^ 


and  my  nerves  are  more  under  con- 
trol than  they  have  been,  even  be- 
fore I  entered  c»lortmeter.  Tongue 
became  coated  after  drinking  milk, 
but  It  will  clear  up  after  I  have 
oaten  some  fruit  and  had  a  good 
meal. 

8  p.  m.   Have  Just  flniahed  another  por- 
tion of  milk;  enjoyed  It  very  much. 
Am   longing   for   outdoor   exercise 
and  fresh  air. 
Jan.  12,  1905: 

Did  not  sleep  any  last  night;  was  not 
uncomfortable  In  any  way,  simply 
could  not  Bleep.  Came  out  of  calo- 
rimeter at  7*1G''  a.  m. 


laboratory  (quarter  mile)  and  felt 
very  tired  and  weak;  then  I  walked 
a  total  distance  of  three-quarters  <A 
a  mile  and  was  glad  to  take  a  rest 


T*30~a.m.    Feel   rery   dlasy   and   can 

hardly  walk. 
10  a.  m.  Walked  a  quarter  of  a  mile  to 

my  room. 
1»30"'  p.  m.  Walked  from  my  room  to  the 

Pvise. — The  subject  took  his  pulse  6  times  during  the  day  of  this  experiment, 
and  3  times  the  day  after  he  had  left  the  calorimeter.  The  records  are  given 
below. 

PMlie  rotff— fxpsHmeia  Wo.  7£.* 


Time. 

Pulee 

mme. 

PulM 

J*D. 

1,  7»16-«.m 

7  80    e.  m 

10  80   ■.m. 

1  SO   p.  n. 

S  80    p.m 

»«0 
■  08 
<64 
70 
71 

J«n.  11,  8'  80- p.  m 

Jul.  IVT   80    «.B. 

JO  8S    a.m 

1   M   P-n^ 

70 
70 
78 

n 
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BouUne. — He  routine  differed  little  from  that  of  the  preceding  days,  save 
that  it  included  the  takiog  of  food.  A  fair  idea  of  the  course  of  the  day's 
ennts  can  be  obtained  from  the  record  of  body  movements  given  belov. 


Movtments  of  nibjwt.— 


7*00- 

7  06  I 

7  10 

7  13 

7  IB 

7  16 

7  18 

7  ao 

7  24 

7  16 

7  SS 

7  80 

7  83 

7  86 

7  40 

7  43 

8  80 
8  S4 
8  36 

8  88 

9  12 
9  14 
9  38 
9  40 
9  45 
9  52 
9  64 
9  56 

10  28 

10  80 


rise,  nrloata. 
weigh  Mlf,  etc 
food  i^^ortttre. 
Btand,  connt  pnlM. 
Bnck  oruige. 
sit. 

mOTfl  about 
food  aperture, 
telephone, 
sit.  Buck  orange, 
rise,  move  about. 
stand. 

count  pulse,  put  on 
coat. 

Bit. 

studT. 

telephone. 

rise,  food  aperture. 

Bit 

studr 

telephone. 

study. 

stor  Btndytng. 

close  curtain. 

defecaU. 

open  curtain. 

lean  on  table,  read. 

telephone,  ait 

telephone,      r  i  ■  e , 

food  aperture, 
sit     count     pulse, 

write. 


10*34- 
10  86 

10  38 

11  04 


rise,  food  aperture, 
lean  on  table,  read, 
sit,  studr- 
rise,    move    about, 

food  aperture, 
sit,  study, 
lean  on  table, 

write, 
telephone, 
food  aperture, 

walk  about 


11  33 

food  aperturet 

11  24 

drink,  write. 

11  26 

Bit  read. 

12»  04- 

drinks 

12   12 

sit,  comb  hair. 

12  18 

read. 

12   34 

telephone. 

12  38 

drink. 

12  44 

rinse  bottle. 

1  02 

rise,    move    aboat 

nrinate. 

1   04 

lean  on  table,  read. 

1  23 

sit 

1  27 

1  30 

count  pulse,  write. 

1  G2 

stand. 

2  00 

2  04 

lean  on  table. 

write. 

2  26 

move  about 

2  SI 

food  aperture. 

3   04 

telephone. 

6  08 

B  14 

B  20 

5  26 
B  30 
B  B2 
B  B4 
e  68 

6  08 
6  20 
6  22 
6  36 

6  44 

7  00 
7  26 
7  68 

7  59 

8  00 
8  30 

»  38 

»  40 

S  42 

11  00 

11  03 


rise,  move  about 

food  aperture. 

sit,  read. 

rise,  move  about 

sit 

drink,  write. 

rise,    move    about, 

lean   on   table, 

write, 
stand, 
sit 
stand. 

Bit 

count  pulse,  write, 
rise,  telephone, 
food  aperture. 


telephone. 

lean  on  tables  read. 

Bit  read. 

urinate. 

stand,  read. 

drink. 

food  aperture. 

writ* 

count    pulse.    Bit 

food  aperture, 
drink. 
open  bed. 
lie. 


Tables  77  to  81  have  been  explained  in  more  or  less  detail  in  the  preceding 
experiments.  Since  the  methods  folloved  in  obtaining  the  data  ia  these  tables 
differ  in  no  important  respect  from  those  used  in  corresponding  tables  of  pre- 
ceding experiments,  no  farther  disdusion  is  here  given. 


It. 

Detfc 

TtoS 

Itoil 

U«.iii. 
tOlp.111. 

ItoS 
P-nx. 

.KV. 

AWMt. 

OrWM. 

OnuM. 

Oram*. 

Ortm*. 

«»»«. 
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Date. 

Period. 

(a) 
Amoant. 

Spffi.. 
Bnvlty. 

Toluma 
ia*b). 

B«>eUoti. 

mtio- 
gea. 

jM!*ll-ia. 

7«.m.  tolp.in.. 
lp.m        7  p.m.. 
7p.m.      Up.m.. 
11  p.m.        7Lm.. 

OniM*. 
496.6 
468.9 
221.4 
S14.S 

1.00«7 
1.0049 
1.0067 
1.0080 

*'498 
463 
330 
812 

r!7i 

3.68 
1.67 
1.00 

....do 

....do 

....do 

14W.4 
149S.4 

1.0065 

1487 

I4«7 

to.ot 

10.71 

ToUl   br   com- 
poilte 

Acid. 

(a)   Wolght gnmi.  .Ue0.40 

lb)  Watar. do 1463 .38 

(o)    Solid! (a-b) do 88.07 

(d)   Alh do B.BII 

it)    OrgMilc  mfttterto— d}...do....     SO. 48 

(/)  Nitrogen do 10.66 

(j)   Carbon do 7.33 

(A)  HjdrOgen  In   organic    mBtter, 

grama. 1.96 


«J   Oiygen  <bj  difference)  In  organic 

matter,  <—(/+f  +  A).. grams.  .9.S4 

ij)  PboapborQS do 714 

m  Fboapborlo  aeld  bj  fntloD  <P,Oj), 

grama 1 .  636 

(t)   Snipbnr grami,.    .678 

(m)  Sulpbur  trioxide  (80^ do 1.442 

(r)  Beat  of  eombuUoD ealorlei..      84 


^^ 

'«• 

Tfsr 

"or 

ffi» 

?^t' 

1106. 

<7r»«* 

Oranu. 

Jan. 11  ... . 

6  a.m.  lo7  a.u. 

88.7 

0p.m.    np.m. 
11p.m.      1a.m. 

85. T 
88.0 

40.3 
48.8 

Jan.  11-ia. 

7  a.m.  to  9  a.m. 

Sfl  fl 

63.0 

11a.m.    11a.m. 

29.7 

61.9 

la.tn.      Sa.m 

36.4 

48.6 

11a.m.      lp.m. 

28.1 

44.0 

8«.m.     Ba.m. 

36.3 

89.6 

1p.m.      8p.m. 
8  p.m.      6  p.m. 
Bp.m.      7p.in. 

28.0 
81.1 
811.8 

68.8 

6  a.m.      J».m. 

8S.6 

48.2 

43.0 

Total 

S44.9 

<  Allowance  baa  been  n 


t  for  22.03  grama  v 


I  loat  from  abeorbera  and  mlacellaneon* 
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)  Matebuia  Katabouzio  in  Bodt. 
It  has  already  been  emphasized  in  the  discussion  of  experiment  No.  70, 
the  first  eiperiment  vith  food,  that  in  the  tables  showing  the  disintegratioD 
Tablb  81. — Record  of  carbon  dioxtd«  and  <»;v(ret>-^]frtaAoli(m  ecp«rlm«i(  No.  n. 


DUa. 

Ctrixm  dioxide 

OZROL                         ] 

Fvtiad. 

(«) 

T?,i, 

aJsI^^ 

tIJ^ 

,«, 

b7*»bi«t. 

poriod. 

toriubiMt. 

PrelimiiMiy: 

J&n.   11 

Jut.   11-12... 

19.0 

1090  2 

7  a 

m 

m 

62.9 

9  a 

11   A 

28.1 

48.8 

1076.7 

46.4 

11  a 

m 

28.9 

48.7 

1073.7 

47.7 

SJi 

31.1 

59.4 

1071.0 

47.1 

29.5 

39.2 

1063.7 

56.2 

flp 

m 

7^ 

28.7 

44.8 

1061.3 

41.8 

7p 

!»P 

31.7 

47.1 

1052.1 

flp 

Up 

24.2 

39.7 

1058.3 

34.4 

11  r 

m.  . 

39.0 

1037.9 

»   A 

21.8 

34.1 

1035.2 

32.0 

3  a 

5  a 

20.7 

30.5 

1022.1 

30.4 

5  a 

m 

V  a 

m.. 

20.2 

36.5 

1004.8 

31.8 

rot 

al. 

524.6 

616.9 

of  body  material,  the  katabolism  and  the  effect  of  the  absorption  of  food 

are  considered  independently.    In  this  experiment  likoiriae,  in  computing  the 

materials  actually  kataboUzed  from  the  body,  drinking-water  and  food  are  not 

Tabue  S2. — ElemenU  katobolized  in  bodji—Uetabolitm  experiment  Ho.  78. 


A. 

OzyKO. 

Aab. 

Firttday,  Jan.  11,1906, 

lacome:  Oxygen  from  air 

Outgo; 

1483.33 
33.07 
544.84 
524.58 

Onwu. 
l6!66 

Oromi. 

i'.m 

143166 

Omu. 

163.76 
1.95 
60.97 

siTss 

1299.58 

9.54 

483.87 

381.52 

Qrmu. 
3'.69 

Water  of  rMpiration  ■ 

Total 

2565.82 

2048,97 

10.66 
10.66 

150.39 
150.39 

226.67 

2174.51 

3.69 
3.59 

'Inclndn  aUo  wattr  of  p«r(plrftUoii. 

taken  into  conaideratioQ.      From  the  loss  of  elements  as  given  in  table 
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and  10.31  grams  of  carbt^ydrates  (coneideied  ta  ^;cogen).    The  Ion  of  aah 
in  the  urine  amounted  to  3.59  grams. 

Odtfut  or  Hut. 
The  easential  data  InTolved  in  the  calcolation  of  Hie  heat  piodnctioQ  are 
recorded  in  table  83. 


Cm. 

A) 

{«) 

id) 

Date. 

Pfdod. 

(o+fc+c). 

IMS. 

ColariM. 

Ctbrim, 

Colorw. 

Coloria. 

7  ».m.  to   9  a.m.. 

138.9 

Ba.  m.       11a.m.. 

126.2 

31.8 

+  0.3 

158.3 

11  ft.  m.         1  p.  m.. 

123.7 

27.2 

+  10.0 

160.9 

126.6 

32.4 

+ie.4 

174.4 

6  p.  m.         7  p.  m.. 

131.0 

26.0 

-  6.5 

150.5 

7  p.m.         9  p.m.. 

117.7 

28.4 

-  4.3 

141.8 

9  p.m.       11p.m.. 

110.8 

24.9 

-13.4 

122.3 

11  p.  m.         1  ft.  m.  . 

+  12.1 

1  ft.  m.         3  ft.  m.  . 

96.2 

26.9 

+  6.2 

129,3 

3ft.m.         5ft.m.. 

81.2 

24.6 

-11.6 

94.1 

5  ft.  m.         7  ft.  m. . 
Total .... 

80.3 

26.7 

+  9.0 

116.0 

1312.2 

336.0 

+28.3 

1676.5 

Baiahcx  nr  BifXBaT. 
In  this  experiment,  as  in  No.  70,  the  computed  energy  of  the  oxidized  body 
material  is  compared  with  Hie  heat  prodaction. 


BaargT  derlTad  from  i]iff«reiit  lonrce*: 
From  body  protein — 

(a)  Bn«rg;of  protalnkfttebollsed, 

cftloriai 801 

(M  PotsDtlftI  enarg7    ol    nrtue, 

eslorici 64 

(e)   Netenargy (a— b)...eftlorlei. .  977 

(A  from  bod;  fftt do 1407 

it)  Prom  body  glycogen do....    4S 


Energy  dsrlred  from  dlBareot  aonrcet-:- 
CoDtioned. 

(/)  ToUl  (i  +  d+<) CBloriM. .  1787 

(p)  Total  heat prodnctioQ...  do 1079 

Energy   from  body    material    greater 
(4-)  orleH(~l  than  ontpnt: 

(A)  Amount  (/—^) cftloriei. . +51 

«)  Proportion  (A-i-;]. ...per  cent. .+  8 


The  oxygen  and  carbon  dioxide  thermal  quotients  and  the  respiiatoTy 
quotients  for  this  experiment  are  given  in  table  86. 
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Bmoi  or  Iitqkbtioh  or  Pood. 

Diet. — FolloTmg  the  fasts  which  the  subject  had  preTionsI;  made  in  private, 

he  was  accnstomed  to  break  the  fast  by  taking  small  qnontitiee  of  orange  joice, 

and  hence  this  material  was  indnded  in  the  diet  on  this  day.    later  in  the 

day  milk  with  an  admixture  of  cream  was  taken. 


Datouidpariod. 

turned. 

(0) 

ssss 

SSSKf. 

OUtNA 

s: 

(•> 

vjft. 

(S3.T). 

HMpl- 

B. 

Ju.  11^: 

7  a.m.  to   9  m-m. 

e  k.m.  11  m.m. 
11a.m.        1p.m. 

1p.m.        Sp-m. 

S  p.m.         fi  p.m. 

5  p.m.         7  p.m. 

7  p.m.        9  p.m. 

»p.m.  U  p.m. 
11  p.m.        1  >.m. 

1  ■.m.        8  ft.m. 

8 1.10.         fik.m. 

5  a.m.  7  a.m. 
Tot»l 

188.4 
IM.O 
174.4 
1S8.4 
150.4 
141.8 
183.8 

811.7 
1»S.8 

V4.1 
118.0 

48.4 

47.7 
47.1 
58.2 
41.8 
47.1 
S4.4 
S9.1 
88.0 
80.4 
81.8 

S3 

a9 

S9 

ai 

S8 
87 
88 
S8 
48 
84 
83 
87 

9 

48.8 
48.7 
59.4 
89.8 

44. 5 
47.1 
89.7 
89.0 
84.1 

50. 6 
88.5 

80 
SO 
80 
84 
85 
39 
88 
88 
43 
BO 
8S 
81 

"^9 
84.9 
34.8 
80. S 
80.0 
88.8 
84.0 
80.3 
19.11 
17.8 
IS.fi 
18.8 

IK- 

88.4 
S8.4 
88.9 
39.4 
89.8 
88.0 
84.1 
87.4 
38.4 

ai.8 

83.8 

o.« 

.77 
.74 
.93 
.51 
.78 
.73 
.84 
.78 
.77 
.73 
.84 

1876. B 

516.  B 

80 

8 

694. « 

81 

8 

887.1 

861.8 

.74 

Tabu  88. — PeneiUage  compotition  of  food — MeMbolUm  experiment  2 


HUk.< 

S3S? 

Milk.i 

■sss 

W»tor 

PTOtolD 

Frt 

A«h 

.per  cent. . 
....do..., 
....do.... 
....do.... 
....do.... 

eo.ss 
8.06 

10.74 
4.99 
.66 

87.63 
.54 
.... 

11.44  , 
.89 

Nltrogan pcretnt.. 

CmrbOD do.... 

H;drogBD do.... 

0.49 
11.70 
1.81 

1.859 

0.09 
4.88 
.77 

.459 

1  avcracB  of  two  MmplM  OMd  Id  *>• 


Analysis  of  food. — The  statement  was  made  on  page  136  that  the  data  of 
this  ezperim^  were  somewhat  incomplete.  Thia  lack  of  completeness  is  first 
noticeable  in  table  86,  where  no  percentage  composition  of  feces  appears.  The 
reason  for  the  omiBeicm  of  data  on  feces  is  explained  beyond.  The  table  does 
show,  however,  the  percentage  composition  in  terms  of  natrients  and  elements 
of  the  ingested  food,  while  table  87  shows  the  kinds  and  amounts  of  food,  and 
the  nntrienta  and  elemente  contained  in  it 
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Materials  absorbed  from  food. — Feces  amoimting  to  70.30  granu  wen  passed 
at  9.45  a.  m.,  January  11,  but  it  was  obTionsl;  impoeaible  that  they  resulted 
from  the  food  consumed  dnring  the  same  day.  Defecatioiu  occnrred  on  the 
3  days  folloiriiig  the  experiment,  and  the  separation  as  made  gave  219.3 
grams  as  the  amonnt  of  feces  for  this  day.    FreTious  experience  bad  ahreody 


Lkbon- 

Kta&ottooA. 

(a) 
Weight. 

Wkter. 

(0) 

Protein. 

(d) 
Fat. 

b?SSSi. 

MIS 

mToo 

108.80 

1000.88 
93.16 

Oramt. 
SS.S4 
0.68 

OniNu. 
184. ST 

13.16 

ToUl  fordftf 

1S59.30 

1103.44 

88.93 

1S4.ST 

74.69 

Ubon- 

tory 
number. 

Kind  of  food. 

(ft 
Alb. 

(a) 

Nltio- 

(») 
OMtwn. 

Hydre- 

^ 

bnltioil. 

8818 

9ram*. 
8.87 
0.41 

ffroM*. 
t.lt 
0.10 

140.(10 
4.80 

Oramt. 
23.68 
0.83 

60.03 
T.03 

Oatortt*. 

1708 

4« 

ToUl  ford»j 

8.68 

6.34 

1B1.40 

38.60 

67.04 

176i 

^ 

tfc) 
Kitro- 

M 

C«b0D. 

hX 

AMtk. 

fl«1v1<imf/wvl 

Onmt. 

256.86 

'121.69 

'72.30 

6.12 

Oramt. 
6.24 
6.55 

Oram: 
151.40 
142.32 

23.50 
22.09 

Onmt. 

67.04 
65.03 

Onmt. 
8.68 
6.12 

Pat 

AA,!v!^.':;:v.v.'.::::;::;;;: 

>  To  Obtain  tbe  amoants  of  tlw  clemeota  o(  dry  matter  abM>Tbed.  the  aTerage  percentasea 
Of  eleinctita  of  water-Iree  aabManea  aboorbtd  tn  enwrlmcnta  Noa.  TO,  74.  and  76  are  Qied. 
ThMB  areragea  are  aa  followi :    Nitrogen,  8»  prr  cent^  carbon,  94  per  cent ;  hrdrogen,  M  pat 

~"i.°TSi"'5«r^a.'""""'-  ""■■■'■•■I 

shown  that  a  satisfactory  separation  of  feces  from  a  food  experiment  lasting 
only  1  day  was  not  to  be  expected,  and  since  the  amount  found  was  abnormally 
large,  it  is  believed  that  the  separation  as  shown  by  the  discoloration  of  the 
feces  with  lampblack  was  erroneous.  It  therefore  became  necessary  to  estimate 
the  quantity  of  material  absorbed  from  the  food  during  this  experiment  Since 
the  diet  consisted  essentially  of  milk  it  was  not  difficult  to  obtain  an  average 
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absorption  based  upon  resnlts  in  other  experiments.  From  data  obtained 
in  two  3-daj  experiments  vitb  food  made  later  with  this  subject,  and  (me 
experiment  of  3  days'  duration  already  presented,  i.  e.,  experiment  No.  70, 
average  reeults  vere  found  and  from  these  data  it  was  possible  to  compute 
the  amounts  of  the  elem^its  in  the  dry  matt«r  absorbed.  This  estimate  is 
recorded  in  table  88.  By  means  of  the  fonnule  previously  given,  the  quantities 
of  protein,  fat,  and  glycogen  in  terms  of  body  material  absorbed  from  the  food 
have  been  computed  and  are  also  recorded  in  this  table. 


Table  86. — Amoii»tt  of  protein,  fat,  and  fflycoffen  dbiorbei^  from  food  and  energy 
of  each'— Metabolism,  experiment  No.  72  (Jan.  11-lt,  1905). 

Protein : 

(a)  Amonot... 

»]  Kaergy... 
Tit: 

gitmt..      88.80 

-...c»lortB»..    188 

Gljcogen: 

(/)EnMg7 c»lori8»..    808 

^g)  ToUl    wierCT    (*  +  <(  +  /), 

MloriM 1«3 

M)  Energf... 

. . .  .caloriu. .  1101 

gijeotea,  t 


B  calorlei ;  of  (at,  9.M  calorlei ;  of 


Energy  of  material  absorbed  from  food. — Having  computed  the  amounts  of 
nutrients  absorbed  in  terms  of  body  material,  the  energy  wss  found  as  hereto- 
fore by  use  of  the  factors  for  heat  of  combustion.  The  reeults  are  given  in 
table  89. 


lueousi  Oram*. 

(o)  Food. 1860.80 

lb)  Water  eonsniiied T85.B0 

(e)  0i7geii ate. 88 

(d)  Total  to  +  i  +  c) a611.«5 

Ontgo: 

(#>  Urine  > 18IM .  SO 

(/)Fece» 70.80 


Ontgo— ConUaiMd.  Oramt. 

(ff)Ctiiton  dlodde 634.68 

(A)  Water  of  reaplration  and  per- 

■plratlon H4.S4 

{() Total   (<+/+^  +  *) 2680.93 

(J)  Gain  of  body  material  (d-1).. +70.48 
(t)  Gain  of  body-welckt +40. TO 


CHAifOEa  nr  BoDT'WEiaHT  Coiipabid  with  Balance  or  Isoota  and  Omoo. 
In  connection  with  the  data  given  below,  which  record  the  amounts  of  intake 
and  ontpnt  of  the  body,  the  fact  ttiat  the  amount  of  feces  is  lacking  in  the 
preceding  tables  of  this  experiment  does  not  vitiate  tbe  reeults  shown  in  table 
90,  for  in  this  table  we  are  concerned  only  with  the  amounts  of  feces  passed 
from  7  a.  m.,  January  11,  to  7  a.  m.,  January  12,  and  not  with  the  relation  of 
■odi  amounts  to  the  metabolism  of  this  day.  As  a  matter  of  fact,  the  70.30 
grams  of  feces  recorded  in  line  /  were  from  food  eaten  several  days  prior  to 
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January  11.    NeverthelesB,  in  order  to  obtain  the  true  loea  of  body-weight,  they 
mast  be  included  in  the  total  outgo. 

"BiiASCE  ow  Ihtakb  Ann  Ovtm. 
It  baa  preriouBly  been  explained  that  the  aiuounta  of  nutriests  and  energy 
of  absorbed  food  are  assnmed,  not  determined  as  the  differences  between  the 
Dutrientfl  and  energy  of  food  and  feces.  The  difficulties  of  strildng  balances 
with  data  aa  meager  as  these  are  readily  seen.  Too  great  strees  therefore  should 
not  be  laid  upon  the  value  of  the  resnlta  thus  obtained. 


D«te. 

Outfo  from  the  body. 

B^aDoe  of  preformed 

WftMT. 

(a) 
nrtna 

(0) 

"sssr 

water  In 
oui«o.' 

<>> 
InUke 

it) 
LOMOt 

1B14.8 

Orami. 
M4.S 

Onmt. 

3069.1 

Oramt. 
18TS.4 

1887.9 

■fSTr 

"Bn 

'  iDclDdce  SI  grami  of  mter  wtumed  ••  b«liic  ellmlnatM  In  tecM.    <Sm  p.  IBS.) 
'Takea  Bccoaiit  of  water  aimmed  for  fecca. 


(») 

Kata- 
boUied. 

Qalii(+) 

(it 
food.' 

pot«mi«i 

(f> 

Oain<+) 
or  loei  (-) 
toboJj. 

Body  protein gnuiu. . 

Bodj  fat do.... 

Aih. do.... 

Bnargy calories. . 

88. SO 
181.88 
T2,80 

s.ia 

88.M 

1*7. « 

10.  St 

8.60 

-  80.68 

-  26.78 
+  61.00 
+     1.68 

1868 

1780 

-108 

Baiance  of  waitr. — As  in  experiment  No.  70,  the  water  balance  has  been 
isolated  from  the  others  in  order  to  simplify  the  tabular  matter.  This  water 
balance  is  given  above  in  table  91,  which  also  showB  the  different  soorces  of  the 
water  of  outgo  and  the  water  resulting  from  the  oxidation  of  organic  hydrogen. 
Special  attention  is  called  to  c<dumn  /,  which  shows  an  unusually  small  loas 
of  preformed  water  to  the  body. 


Digitized  by  Google 


Metabousic  FiXVBRiuxsT  No.  73.  135 

Allowance  has  been  made  in  column  a  of  table  91  for  51  grams  of  water 
excreted  in  tiie  feces.  This  amount  vas  obtained  by  multiplying  the  amount 
of  feces  passed  by  the  average  per  cent  of  vater  of  feces  in  experiments  Nos. 
74  and  76,  and  hence  is  an  aesomption.  The  fact  that  the  water  content 
of  the  feces  passed  on  this  day  was  not  known,  however,  made  the  aesomption 
necessary.  It  therefore  follows  that  the  loss  of  preformed  water  shown  in 
colnmn  /  of  the  table  may  not  be  the  true  loss,  though  there  are  indications 
tiiat  the  amount  is  but  a  few  grams  from  the  actual. 

Nutrients,  ash,  and  energy. — In  table  92  are  recorded  the  balances  of  nutri- 
ents, ash,  and  energy.  As  preriooely  explained  (see  table  88)  the  data  for 
absorbed  materials  are  estimated  on  the  basis  of  dry  matter.  The  energy 
shown  in  column  d,  table  93,  is  computed  by  ose  of  the  heats  of  combustion  of 
body  material  as  applied  to  the  amounts  given  in  column  a  of  the  table. 
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The  subject  of  this  experiment  was  also  the  subject  of  experimente  Nob,  71 
and  73.  Following  experiment  No.  72,  from  January  12  to*  January  27 
(inclusive),  he  remained  outside  the  calorimeter  and  lived  on  a  diet  of  hia 
own  selection. 

This  diet  consisted  for  the  most  part  of  fruits,  nuts,  and  cereals,  very  little 
meat  being  eaten.  The  return  to  his  normal  physical  and  mental  condition 
was  BO  rapid  that  by  the  end  of  two  weeks  he  waa  ready  to  begin  another  fast 
Accordingly,  on  the  CTening  of  January  27  he  entered  the  respiration  chamber 
with  the  intention  of  remaining  for  a  6<day  fast.  The  preliminary  period 
began  at  1  a.  m.,  January  28,  the  experiment  proper  beginning  6  hours  later. 
As  usual  the  analyses  of  the  respirator;  products  were  made  every  2  hours. 

Notes  from  diary,  pulse  records,  and  records  of  body  movements. — As  in 
previous  experiments,  the  subject,  S.  A.  B.,  kept  a  diary.  This  diary  has  been 
abstracted,  and  a  number  of  irrelevant  notes  omitted.  The  portions  which 
seemed  essential  are  reported  below,  together  with  the  pulse  records  made  by  the 
subject,  and  the  record  of  the  grosser  body  movements. 

n  dfary. 

10  a.  m.  My  nose  feels  very  dry;  k  speck 
of  blood  Btalned  my  handkerchtet 
while  blowing  my  nose. 

12  m.  Have  been  very  quiet. 

i  p.  m.  Feel  very  comfortable  and  sur- 
prlBtngly  well.  The  distilled  water 
taatea  considerably  better  than  the 
ordinary  city  water  I  drank  In  the 
previous  experiment. 

10  p.  m.    Have  bad   a  ellght  headache, 
but  it  did  not  last.    Passed  a  very 
comfortable     day.      Some     mucous 
from  throat  during  the  day. 
Jan.  30,  190G: 

T'SO"  a.  m.  Have  slept  considerably  bet- 
ter than  tbe  night  previous.  Slept 
continuously  from  11  p.  m.  to  4^46*° 
a.  m.;  fell  asleep  again  at  G'16~  a. 
m.,  and  aw&kened  at  6'46~  a.  m. 
Tongue  baa  a  whitish  fur  on  It  and 
there  Is  a  bad  taste  In  my  mouth. 

6  p.  m.  Comfortable  day  so  far. 

10  p.  m.  Noticed  a  very  pronounced  odor 
of  burning  wood  between  9  and  10 
p.  m.;  also  noticed  It  yeaterday 
wlien    the    doctor   was    taking   my 


Notes  frof 
Jan.  27,  IBOS  (preliminary  night): 

S'ZO"  p.  m.   Entered  oalorlmeter. 
Jan.  28. 190G: 

T*30<*  a.  m.  Did  not  steep  well;  awoke  at 
3  a.  m.  and  fell  asleep  again  at 
G'SO"  a.  m.  Hy  tongue  is  coated. 
Do  not  feel  as  nervous  as  In  my 
former  experiment. 

9^15~  a.  m.  Had  a  normal  defecation. 

12  m.  Am  In  splendid  condition  for  a 
fast;  feel  100  per  cent  better  than  in 
my  former  experiment.  Nerves  are 
not  overstrung. 

2  p.  m.  Am  drinking  distilled  water  and 
like  It  very  mnch. 

4  p.  m.  Have  a  slight  bilious  headache 
and  nausea;  feel  comfortable  other- 
wise. 

6  p.  m.  Headache  Is  on  left  side  of  head 

10  p.  m.  Feel  sleepy.  Have  passed  a  very 
comfortable  day;  feel  considerably 
better  than  In  tbe  previous  experi- 
ment Have  raised  some  catarrhal 
phlegm  during  the  day. 
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Jul  31,  IWE: 

7^30~  ft.  m.  Heavr  sleep  from  11  ii.  m.  to 
6^30*>  R.  m.  ToDKue  1b  atlll  coated 
and  I  bave  a  ffweetlsh.eour  taate  In 
throaL  Am  commencing  to  feel  a 
little  nervous  and  legs  unsteady. 

8  ft.  m.  Have  romOTed  the  rectal  tlier- 
mometer,  as  It  canses  considerable 
Irritation. 

S'lS"  a.  m.  Had  a  desire  to  defecate. 
Considerable  amount  of  gas  passed 
off. 

12  m.  Hare  smelt  an  odor  of  soda  or 
lime  3  or  4  times  since  I  bave  been 
In  calorimeter.  It  was  very  stifling 
tor  30  seconds  or  so  and  then 
passed  away. 

(t'lG*  p.  m.  Again  I  can  smell  as  odor 
of  lime. 

7'30"  p.  m.  Am  commencing  to  (eel 
weak  and  tired,  but  I  will  go  tbe 
limit  of  6  days  as  I  Intended  to. 

10  p.  m.  Passed  a  yery  comfortable  day, 
but  became  weak  towards  ovenlng. 


Feb.  1,  1906: 

7>30-  a.  m.  Passed  tbs  night  fairly  well, 
but  not  as  well  as  the  prerious 
night.  Awoke  a  few  times  during 
night,  but  felt  asleep  again  In  a  few 
minutes;  awoke  at  6  a.  m.  and  did 
not  sleep  again  until  6'30'°  a.  m. 

8  a.  m.  My  tongue  le  still  coated  and  I 
have  a  sweet  taste  In  my  mouth. 

Vli"  a.  m.  Had  a  desire  to  defecate,  but 
nnsucceasful.  My  knees  feel  weak; 
muscles  feel  relaxed. 

2  p.  m.  Have  not  drunk  the  usual 
amount  of  water,  as  it  Is  commenc- 
ing to  taste  rather  badly  and  I  am 
not  thirsty. 

8  p.m.  My  tongue  has  been  swollen  all 
day;  noticed  It  when  I  awoke  this 
morning. 

10  p.  m.  Feel  very  much  stronger  and 
more  comfortable  than  I  did  during 
the  day.    Could  fast  2  more  days  at 


Pulte  rate— Experiment  Ho.  75.* 

_."- 

Pnlae 
nte. 

Time. 

PulM 
rate. 

Time. 

Pul«o 

JkO 

28,   7*80- a.  m.. 

M 

Jm.8»,    S^OO-p.™.. 

50 

Jui.81,   4»00-p.m.. 

49 

B  00  tLU.. 

«8 

10  00  p.m.. 

48 

0  00   p.m.. 

64 

10  00  s-m.. 

e« 

Jan.  80,    8  00   s.m.. 

03 

S  00  p.m.. 

46 

13  00  m.... 

60 

10  00  a.m.. 

56 

10  00  p.m.. 

49 

a  00  p.m.. 

61 

12  00  m. . . . 

62 

r«b.  1,     7  SO  a.m.. 

OS 

*  00  p.m.. 

09 

2  00  p.m.. 

49 

8  00  lum.. 

6S 

S  00  p.m.. 

09 

4  00  p.m.. 

61 

10  00  B.m.. 

4« 

S  00  p.m.. 

U 

6  00  p.m. . 

51 

12  00   m.... 

49 

10  00  p.ni.. 

50 

8  00  p.m.. 

61 

a  00  p.m.. 

46 

Jan 

89,    S  00  a.m.. 

6S 

10  00  p.m. . 

48 

4  00  p.m.. 

46 

10  00  ..m.. 

«6 

Jsn.81,    7  80  «.m.. 

64 

6  00  p.m.. 

46 

12  00   m.... 

66 

8  00   a.m.. 

61 

8  00  p.m.. 

48 

S  00   p.m.. 

S8 

10  00   a.m.. 

6S 

10  00  p.m  - 

49 

4  00   p.m. . 

S4 

IS  00  m.... 

49 

fl  00  p.m.. 

66 

2  00  p.m.. 

66 

Movements  of  tabject.- 

January  28. 
A.  it. 
7*  00-  rla^  urinate. 

^  ^J  Vwelgh  self,  etc. 

7  16  fold  bed,  adjust 
table,  food  aper- 
ture. 

7  20    sit,  comb  batr. 

7   24     write. 

7  30    connt  pulse. 


A.M. 

A.  11. 

R'OO- 

count  pulse. 

B'lO- 

food  aperture. 

8   02 

telephone. 

9   12 

Jump  about. 

8   04 

9    15 

defecate. 

9   20 

sit,  write. 

8  48 

telephone. 

9    28 

read. 

9  02 

drink. 

10   00 

connt  poise. 

9  04 

rise,  food  aperture. 

10   02 

food  aperture. 

8  M 

adjust    chair. 

flit. 

read. 

11  00 

rise,    more    about. 

ft  08 

rise,  more  about 

urinate. 
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JanvarvU. 

A.H. 

P.K. 

A.  It. 

7»24- 

sit 

8'22- 

sIL 

11'  02-  Bit 

7   34 

write. 

8  30 

count  pulse. 

11  04 

read. 

7  42 

read. 

9  00 

rise,  drink. 

11   32 

telephone. 

8  00 

count  pulse. 

9  03 

stand,  read. 

11   24 

lood  aperture. 

9  00 

rise,  move  about 

9  26 

rise,  drink. 

11  26 

sit 

9  02 

food  aperture. 

9  28 

drink. 

11  30 

read. 

9  08 

move  about 

0   30 

Bit 

11   M 

telephone. 

9  10 

food  aperture. 

9  32 

rise,     telephone. 

12  00 

count     pulse,    sit. 

9   16 

defecate. 

food  aperture. 

write. 

9   16 

move  about 

9   34 

sit 

P.M. 

9  20 

lean  on  table. 

9  42 

rise,  food  i^erture. 

12*08" 

rise,    move    about. 

9  26 

Bit,  read. 

9   66 

Bit 

Bit. 

10  00 

count  pulse,  write. 

10   00 

rise.    alt.    count 

12  10 

rise,  food  aperture, 

10  12 

telephone. 

puts^  write. 

12  12 

Bit,  read. 

10  14 

rise,  food  aperture. 

11  00 

rlee. 

1  00 

rise,    move    about. 

10  IS 

Bit 

11   02 

open  bed. 

10  20 

read. 

11  06 

close    curUln,    un- 

I 06 

read. 

11  24 

rise,  food  aperture. 

dress,  urinate,  re- 

2 00 

food   aperture. 

Bit 

tire. 

count   pulse,    sit, 
write. 

11   26 
11  28 

rise,  food  aperture, 
sit 

Janvarv  SO. 

8  40 
4  00 

drink. 

count    pulse,    sit. 

11  SO 
11   32 

rise,  lean  on  table, 
read. 

7*  00-  rise,  urinate. 
;j;}welgb  self,  etc 

6  01 

wrlt& 
food  aperture. 

11  44 

12  00 

Bit 

count  pulse. 

6  02 

alt 

P.M. 

7  19 

food  aperture. 

b  04 

telephone. 

1'04- 

change   poslUon, 

7  23 

sit 

6  06 

rise,  sit 

urinate. 

7  24 

telephone. 

B  08 

1  13 

rise,  food  aperture. 

7  36 

comb  hair. 

about 

1  14 

moTe    about,    tele- 

7 38 

Bit 

B  12 

Bit 

phone. 

7  30 

write. 

5  14 

stand,  telephone. 

1   18 

Bit 

T  42 

read. 

S  22 

rise,  food  aperture. 

1  36 

rise,  lean  on  table. 

8  00 

count  pulse. 

sit 

2   00 

count  pulse,  write. 

8  04 

Ulephone. 

fi  26 

read. 

3    04 

rise,     drink,     food 

8  08 

telephone. 

6  00 

count  pnlM. 

aperture,    m  o  t  e 

8  10 

rise,    moTS    about. 

6  08 

rise,  move  about 

about 

food  aperture. 

S   12 

lean  on  table,  read. 

3  10 

food  aperture. 

8   12 

telephone. 

6   S8 

Bit  read. 

3  14 

lean  on  table,  read. 

8  18 

adjust    thermome- 

7 00 

food   aperture. 

S   S6 

drink. 

ter,  more  about 

telephone. 

4  00 

count  pulse. 

8   24 

read. 

7  02 

Bit,  read. 

b  04 

rise,  move  about 

9  84 

rise,  moTe  about 

7   16 

food  aperture. 

6  08 

lean  on  Uble,  read. 

9   36 

defecate. 

7  44 

food  aperture. 

5  34 

telephone,     move 

9   42 

move  about 

8  00 

count  pulse. 

about 

9    44 

food  aperture. 

9  02 

rise. 

5  8S 

telephone,     more 

9  46 

Bit  write. 

9  20 

move  about 

about. 

0  60 

rise,  food  aperture, 

10  00 

count  pulae,  write. 

6  42 

stand,  doctor  count 

Bit 

10  04 

rise. 

pulse. 

9  64 

rise,  food  aperture. 

10   12 

sit  read. 

6  44 

lean  on  table. 

9   68 

telephone. 

11  00 

rise,  open  bed,  un- 

6 52 

food  aperture. 

10  00 

count  pulse. 

dress,  urinate. 

5  54 

move  about 

10  02 

rise,  food  aperture. 

11  06 

close  curtain. 

6  06 

count    pulse,    take 

10  04 

Jonitarv  ». 

6  10 

read,  stand. 

10  06 

ter. 

Bit 

A.  If. 

6  16 

move  about 

10  08 

read. 

4»06- 

open  curtain. 

6   18 

food  aperture. 

11  18 

rise,  moTS  about 

7   00 

rise,  urinate. 

7  00 

rise,  urinate. 

11   20 

food  apOTtnre. 

',  5*}wlgli.df.etc 

7  02 
7  18 

stand,  read, 
ait,  read. 

11   22 
11    26 

lean  on  table. 

7  16 

food  aperture. 

8   00 

count  pulse. 

11    30 

lean  on  table. 
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A.  If. 

7»1B« 

food  aperture. 

5'44- 

food  aperture. 

11' *0- 

sit. 

7 

22 

Bit 

46 

take  temperature. 

11  44 

recline,  write. 

7 

30 

count  pnlse,  write. 

00 

count  pulse. 

11  H 

telephone,      r  i  b  e , 

7 

36 

Bit 

02 

move  about 

tood  aperture. 

8 

04 

04 

stand,  read. 

11  68 

Bit,  re&d. 

8 

06 

read. 

14 

sit,  read. 

12  00 

connt  pulae. 

8 

62 

drink. 

00 

rise,  urinata 

P.M. 

9 

02 

rise,  food  aperture. 

02 

urinate,  food  aper- 

1'02- 

rise,    more    about. 

» 

04 

food  aperture. 

ture. 

urinate. 

0 

06 

alt 

04 

lean  on  UbIe,  read. 

1  08 

lean  on  table,  read. 

9 

32 

rise,    more    about. 

00 

count  pulse. 

1  12 

drink,  read. 

attempt  to   defe- 

10 

00 

count  pulse. 

1  H 

stand,  read. 

cate. 

10 

04 

rise. 

1  44 

Bit,  read. 

9 

32 

Bit  read. 

10 

08 

sit 

2  00 

count  pulse. 

10 

00 

count  pulse. 

11 

OO 

rise,    undress,   url. 

2  06 

rlBe,  food  aperture. 

10 

20 

telephone. 

nate.  retire. 

2  08 

lean  on  table,  tele- 

10 

22 

rise,  food  aperture. 

phone. 

10 

24 

sit. 

Fettrvani  J. 

2   12 

read. 

11 

04 

stand,  move  about 

If. 

2  18 

food  aperture. 

sit  write. 

7"  00-  rise,  urinate. 

2  22 

Btt.  read. 

12 

00 

count  pulse. 

04l 

3  OS 

more  about 

p 

y;    weigh  self,  etc 

S  13 

alt,  read. 

12' 80- 

rise,  move  about 

20^ 

food  aperture. 

3  64 

rlee,  rood  aperture, 

12 

22 

food  aperture. 

24 

sit  comb  hair. 

more  about 

12 

26 

stand,  move  about 

30 

write,  count  pulse. 

3  56 

Bit 

sit. 

00 

count  pulse. 

4   00 

count  pulse. 

12 

SO 

rise,  food  aperture. 

00 

rise,    move    about 

4   28 

move  about,  sit 

12 

32 

sit  read. 

food  apoture. 

5   00 

riae.  move  about 

1 

00 

rise,  urinate. 

06 

sit 

E  30 

rise,    move    about 

1 

04 

telephone. 

IG 

attempt    to    defe- 

food  aperture. 

1 

0< 

more  about  stand. 

cate. 

6  36 

food  aperture. 

18 

sit,  write. 

18 

rise,  food  aperture. 

S  42 

alt 

1 

16 

sit.  read. 

28 

lean  on  table,  read. 

S  4< 

teleph<aieL 

2 

00 

count  pulse. 

30 

write. 

6  48 

stand. 

2 

02 

rise,  food  aperture. 

36 

move  about 

S  60 

rtae.  Bit 

sit 

43 

Bit  read. 

6  52 

doctor  count  pulse. 

2 

04 

food  aperture. 

10 

00 

count  pulse. 

G   GS 

Bit 

2 

06 

lean  on  table. 

10 

32 

move  about 

6  00 

connt  pulse. 

2 

14 

11 

04 

rise,  lean  on  table. 

6  02 

read. 

2 

16 

move    about,    tele- 

11 

16 

move  about 

7  00 

rise,  urinate. 

phone. 

11 

18 

telephone. 

7  08 

Btand,  Bit 

2 

20 

sit  read. 

11 

32 

read. 

8  00 

count  pulse. 

3 

04 

rise,    move    about. 

13 

00 

count  pulse. 

8  04 

telephone. 

urinate. 

8  10 

telephone,  food  ap- 

3 

06 

lean  on  table,  read. 

1»02- 

rise,    move    about. 

erture. 

3 

10 

food  aperture. 

urinate. 

8  18 

Bit. 

3 

12 

read,  stand. 

06 

lean  on  table. 

8  28 

telephone. 

3 

16 

lean  on  table. 

33 

food  aperture. 

8  38 

Bit 

3 

20 

telephone. 

34 

move     about     sit 

10  00 

count  puls^  wrtte. 

3 

24 

food  aperture. 

read. 

11  00 

rise. 

3 

38 

Bit.  read. 

00 

count  pulse. 

U  08 

undress,      urinate. 

4 

00 

count  pnlse. 

00 

count  pulse. 

retire. 

6 

04 

rise,  move  about 

OS 

rise,  move. 

Janvarv  SI. 

6 

10 

lean  on  table,  read. 

10 

stand,  read. 

5 

28 

telephone. 

43 

telephone. 

6 

30 

stand. 

44 

stand. 

7»00- 

rise,  urinate. 

6 

32 

move  about 

46 

move  about. 

?  JJ}  weigh  «lf.  etc 

6 

36 

move  about  stand, 
doctor  count 

48 

stand,  doctor  count 
pulse. 

7   14 

dress. 

pulse. 

64 

sit. 

7  18 

Bit.  move  about 

6 

42 

lean  on  Ubie.  read. 

66 

read. 
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FebmarifJ 
p.  11. 

fi*  OO"  connt  pulse. 
6  02    rise,  food  aperture. 

6  04    take  temperature. 

7  DO    food  aperture,  uri- 

nate. 


p.  K. 

7' 06-  rtand,  write. 

7  3S  food  aperture. 

7  40  Bit,  read. 

8  00  count  pulM. 

8  08  food  aperture. 

S  2S  rise,  move  about. 


10  24    lean  on  table. 

11  00    rise,  urinate,  cloea 

curtain,   undress, 
retire. 


Drinking-water. — ^Water  was  furnished  as  desired  and  consnmed  between 
7  a.  m.  and  11  p.  m.  The  (juantitieB  consumed  per  day  and  approximate 
amounts  per  period  are  given  in  table  93.  It  will  be  seen  that  relatively  large, 
but  often  varied,  amonnta  of  water  were  consumed  on  all  days  of  the  experi- 
ment Thus  during  both  the  second  and  the  third  day  the  subject  consumed 
nearly  3  liters  of  water  while  on  the  last  day  the  amount  drunk  was  but  a 
little  more  than  a  liter.    This  marked  variation  in  the  amount  of  water  con- 


Table  »3.- 

experiment  No 

7S. 

Dkte. 

7to» 

■  toll 

1lB.m. 

tOlp.111. 

lb>( 
p.  a. 

Itot 

p.m. 

(toT 
p-m. 

7W9 

IWll 
p-in. 

Total 

jMi.a&^20.... 
Jin.aO-BO.... 
JiD.  SO'-SI.... 
Jw.81-F«b.l. 
Fab.  1-3 

481.40   408.40 
ISM. 10  401.50 
990.90  ,191.50 
388,60    147,45 

Oramt. 

S5s!70 
308.10 

88«.eo 

Oramt.    Qramt. 
159, BS    1S9.M 
381.60    389.50 
396.80    379.90 
336.58  J180.47 

"'•"1  •■•■ 

199.90 
895,80 

130.47 

199.90 
197.75 
196. H6 

191. ao 

8B4.60 
197,75 
196.95 
191.80 

3748.90 
9768 .ao 
1055.40 
1079,90 

'  Period  darlnK  wblch  wKter  wm  eooiamed  war  auamed  Id  lome  iDstaDCes. 

sumed  on  different  days  is  but  one  indication  of  the  noticeable  differences  in 
bodily  and  mental  states  exhibited  by  this  subject  In  all  of  his  experiments 
there  was  frequent  complaint  concerning  the  water,  although  in  this  and 
subsequent  experiments,  at  the  subject's  request,  distilled  water  was  furnished. 

Ubikk. 

The  urine  was  collected  in  4  periods,  ae  is  customary.  The  weight,  specific 
gravity,  reaction,  nitrogen,  creatinine,  and,  with  the  exception  of  the  first  day, 
the  phosphoric  acid  were  determined  for  each  period.  The  result*  are  recorded 
in  table  94.  The  specific  gravity  in  this  and  all  subsequent  experiments  was 
taken  by  means  of  the  Westphal  balance.  The  creatinine  and  phosphoric  acid 
were  determined  by  Prof.  L.  B.  Ifendel,  of  Yale  University.  The  usual  check 
on  the  accuracy  of  the  analytical  work  was  made  by  comparing  the  total 
amounts  of  nitrogen,  creatinine,  and  phosphoric  acid  as  determined  by  periods 
with  those  determined  on  the  composite  samples.  In  the  case  of  nitrogen 
and  phosphoric  acid  the  agreement  was  extremely  satisfactory  with  the  single 
exception  of  the  phosphoric  acid  for  the  fourth  day  of  the  experiment. 

Weight,  composition,  and  heat  of  combustion  of  urine. — In  addition  to  the 
determinations  given  in  table  94  in  the  samplefl  from  the  different  periods, 
each  day's  composite  sample  was  analyzed  much  more  completely  and  the 
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elements  mtrogen,  carbon,  hydrogen,  phosphoroa,  sulphur,  and  chlorine,  as 
well  as  the  wai«r,  total  solids,  ash,  total  creatinme,  and  uric  add,  were  deter- 


Date  and  period. 

Amount. 

Bpeolfla 
iraTltj. 

Volume 

(d) 
BMOtlon. 

Nitro- 
gen. 

pborlo 
addbT 
tltra- 

(0) 
Total 
atinlne. 

Jan.  28-»?^ 
7  a.m.  to    1p.m... 
1p.m.        7  p.m... 
7  p.m.      11p.m... 
11  p.m.        7  a.m... 

Oramt. 
876.  fl 
553. S 
28S.9 
000. S 

1.0059 
1.0056 
1.0077 
l.OOSV 

871 
54U 

ass 

097 

Mantra:... 

Add 

....do 

....do 

iVid. !'.!!! 

Add 

....do 

....do 

....do 

Acid.!!:!: 

Add 

....do 

do 

....do 

■Add.!;!!.' 

Add 

....do 

....do 

....do 

Add'.!!!!! 

Add 

....do 

....do 

....do 

'Acid.!!!!' 

8.08 
2.56 
1.03 
8.0? 

Gram*. 

Oram*. 
0.844 
■330 
.311 
.404 

38«4.8 
93M.3 

1 .0057 

3803 
8803 

10.89 
10.84 

1.855 
1.250 

ToUlbjcompoiite. 
Jul.  S»-SO  : 
7a.m.  to   1  p.m... 
1p.m.        Tp.m... 
7p.m.       11p.m... 
11p.m.         7a.m... 

817.4 

vsg.8 

414.0 
796.8 

1.0080 

i.ooas 

1.0087 

i.ooso 

810 
•37 
418 
794 

8.18 
8.38 
1.87 
8. 74 

0.005 
.618 
.818 
.010 

.400 
.431 
.178 
.801 

8W.8 
39*6.8 

1.0033 

3958 
2958 

11.97 
11.  BO 

3.040 
8.045 

1.804 
1.800 

Total  bjcompoalt*. 
JiD.  30-Sl  : 
7  a.m.  to    1p.m... 
1p.m.         7  p.m... 
7  p.m.      11p.m... 
11p.m.        7  a.m... 

«3«.l 
890.  S 
648. S 
S6S.0 

1.0061 
1.0034 
1.0081 
1.0047 

038 

BS8 
843 
fi03 

3.18 
8.72 
3.56 
8.09 

.490 
.607 
.418 
.583 

.370 
.161 
.198 
.388 

8785.2 
878S.3 

1.0036 

8785 
8785 

11.04 
11.54 

1.V87 
I.B16 

.901 
.871 

ToUlbjcompMlte. 

Jan.  81-Feb.l 

Ta.m.  to    1p.m... 
1p.m.         Tp.m... 
7  p.m.       11  p.m... 
11p.m.        7  a.m... 

COB. a 
788.0 
803.4 
S89.8 

1.0050 
1.0086 
1.0084 
1.00 79 

760 
SOI 

ssa 

3.10 
3.93 
1.53 
8.85 

.618 
.600 
.827 
.30- 

.210 
.808 
.100 
.838 

19M.1 
1V84.1 

LOOM 

1968 

1B53 

10.89 
10.38 

1.903 
8.107 

.741 
.TBI 

Feb.  1-3: 
7  a.m.  to    lp.m... 
1p.m.        7p.m... 
7p.m.      11p.m... 

4M.7 
844.0 
108.8 
880.9 

1.0074 
1.0147 
1.0157 
1.0158 

401 
841 
107 
337 

8.14 
3.01 
1.86 
8.87 

.675 
.693 
.836 
.595 

.SOS 
.878 
.178 
.388 

1087.8 
1087.8 

1.0119 

1030 
1086 

9.98 
9.98 

a.  187 

8.178 

I.14T 
1.110 

Total,  5  daja 

10,»fl8.3 

10,914 

54.17 

mined.  From  the  percentages  thus  obtained  and  the  weight  of  urine,  the 
quantities  of  elements  and  compounds  eliminated  were  computed.  The  results 
are  recorded  in  table  95.  The  determinations  of  the  phosphoric  acid  by  titra- 
tion, total  creatinine,  uric  acid  and  chlorine  weie  made  through  the  Mndnees 
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of  Professor  Uendel  who  was  asEiBted  in  liis  analyseR  by  Mr.  0.  E.  CloMon. 
The  urine  voided  dnriiig  the  last  3  days  of  the  experiment  ma  of  snch  a 
character  that  only  an  approximate  eatimate  of  the  amonnt  of  nric  acdd  based 
upon  the  maximum  solability  of  ammonitmL  mrate  conld  be  made. 

The  chlorine  determinations  were  made  according  to  the  Yolhard  method. 
In  line  q  of  the  table  they  are  expressed  as  the  element  chlorine,  but  to 
facilitate  a  compariscm  with  ttie  output  in  oQier  experiments  the  chlorine  is 
calculated  as  sodium  chloride  and  it  is  so  recorded  in  line  r. 


atpmmmt  ifo.  73. 

Jan. 

Jan. 

Jan. 

Jan.  81- 

Feb. 

Total  for 

tfr4t. 

»S0. 

IMl. 

»8b.L 

I-t 

■  daya. 

(a)  Wdgbt gram*. 

S964.S 

9988. S 

2786.9 

1084.1 

1087.8 

10,988.2 

ft)  W»ter do.,. 

92BS.S1 

3098.98 

3008.97 

1088.86 

1001.89 

10,789.65 

W8oU(l.,»-6 do... 

88.49 

88.57 

85.08 

86. 7B 

86.01 

186.65 

1«A«1> do... 

9.H 

«.as 

6.74 

8.00 

0.03 

84.04 

it)  OrgkDlcmttUr.e-d.do... 

S8.K8 

89.84 

81.10 

90.85 

30.80 

161.81 

V>NiUogm do... 

lO.M 

11.07 

11.64 

10.89 

0.»8 

54,17 

(fl)CMbo« do... 

7.47 

8.81 

7.08 

7.88 

7.80 

80.96 

(A)  Hydrogan  In  orguilc 

matter do... 

1.81 

8.08 

9.10 

1.0« 

1.07 

10.01 

<H  OxTgea(b;dIII«niicc) 

In  OTKUile  matter, 

«-{/+ff+M do... 

8.06 

0.08 

0.68 

*.«5 

10.06 

48.17 

1.094 

.880 

.840 

.943 

.081 

4.6TS 

Phoipl.oric«ld(P,OJ: 

(t)By  fniion do... 

3.845 

1.004 

1.088 

9.160 

9.134 

10.480 

(I)  By  Utntlon do... 

3.04S 

i.oie 

9.107 

2.178 

(nOBnlphnr. do... 

!m4 

.700 

.719 

.698 

.707 

sliw 

(»)  Bolphat  trloxldo 

ISO.) do... 

1. 908 

1.747 

1.774 

1.790 

1.7M 

8.698 

(o)  Total  ereatlnlna  . . .  .do. . . 

1.9S0 

i.aoo 

.871 

.791 

1.110 

6.939 

(p)  Uric  acid do... 

.172 

.129 

■.082 

'.069 

'.0S4 

.489 

(a>  Chlorine do... 

1.880 

.489 

.ISO 

.864 

.408 

8. 010 

(r)  Sodlnm  ehlorido  .. .  .do. . . 

a.sso 

.780 

.909 

.687 

.674 

4.989 

(t)  Heat  of  combni- 

tloD ealoriaa. 

8« 

OS 

M 

OS 

" 

48< 

'  Approilmate.    nie  cbaracter  of  tbo  (ample  predaded  an  aecdrate  eatlmatlen. 

Eepecially  noticeable  are  the  large  Tolumes  of  urine  excreted  on  the  first  4 
days  of  the  experiment  On  the  second  da;  there  were  nearly  3  liters  excreted, 
while  on  the  last  day  about  1  liter  was  passed. 

The  total  amonnts  of  phosphoric  acid  in  the  urine  as  determined  both  by 
titration  and  by  fusion  are  here  recorded.  The  data  are  of  value  for  discussing 
the  possibility  of  the  presence  of  so-called  organic  phosphorus  in  the  urine.** 

The  appearance  of  the  significant  paper  by  Dr.  Folin  "  on  the  relation  of 
creatinine  to  metabolism  led  to  the  determination  of  creatinine  in  the  urines 
from  this  and  the  Bucceeding  fasting  experim^its  here  reported. 
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(a) 

a» 

(a) 

H» 

Total 

Total 

am'Dt 

Total 

■in'iit 

Total 

of 

waMr 

of 

irater 

DM4. 

Period. 

of 

DKto. 

Period. 

or 

"r 

Sfu!£j 

of 

tauoit:' 

P«rtod, 

period 

not. 

PrelimiDiTj : 

Gramt 

Oram*. 

IM. 

fframa 

Oram: 

J*n.  S8.... 

l».m 

48.4* 

Jan.  80-81. 

8p.m.ta6p.m 

88.3 

53.4 

iLiQ.  toSi.m, 

44. S 

71  !9 

Bp.m 

Tp.m 

87.0 

B1.6 

Sm.m.      a>.m. 

89.0 

7«.0 

7p.m 

9p.m 

28.8 

68.7 

(iLm.      Ta.m. 

87.7 

87.1 

9p.m 

11  p.  m 

35.8 

48.6 

Jtn.  28-». 

Total 

Ta.m.toO>.m. 

218. 0 

11  p.m 
la.m 
8a.m 

la-m 
8a.m 

96.7 
38. 4 

85,7 

48.6 
42.7 
47.  B 

8S  7 

73.9 

B>.m.    11a.m. 
ll«.m.      1p.m. 

87.4 
3S.0 

67.8 
SV.O 

Ba.m 

7».m 

34.4 

44.0 

Total 

003.8 

1p.m.     Bp.m. 
8  p.m.      ftp.n 

84. 0 
88.7 

58.4 
64.0 

Jan.  81  to 

Bp.m.     7p.m 

SS.» 

69. « 

Feb.  1 . . 

7a.m.to9«.B 

28. B 

B3.5 

Tp.m.     gp.m 

S9.S 

B2.9 

9a.m.    lla.m 

3B.9 

49.7 

9  p.m.   11  p.m 

27. B 

61.4 

11a.m.      lp.m 

37.9 

63.3 

Up.m.     l..m. 

29.3 

64.9 

1p.m.     8p.m 

3S.0 

48.1 

1a.m.     Sa.m. 

28.8 

68.8 

Bp.m.     Sp.m 

34.7 

45.8 

S».m.      Ba.m. 

97.7 

B1.8 

6  p.m.     7p.m 

SB. 4 

40.6 

Ga.m.      1a.m 

87.2 

51.7 

7  p.m.     9p.m 
9p.m.    llp.m 
11  p.m.     1  B.m 
1a.m.     Baju 

37.0 

60.8 

Jui.  S9-S0. 

Total 

7B.m.to9a.m. 

884.2 

38.7 
9G.0 
28. S 

40.3 
46.6 
44.8 

81.4 

69.0 

9«.ia.    11a.m. 

81.9 

87.8 

8  a.m.      6a.m 

34.0 

48.9 

lliL-m.     Ip.m 
1p.m.     Bp.m 

80.9 
3S.1 

64.9 

59.8 

5a.m.      7a.m 
Total 

92.6 

48.1 

689.9 

8  p.m.      Bp.m. 
Sp.m.     7  p.m. 

27.8 
28.3 

B3.S 
56.2 

Feb.  1-3.. 

7a.m.to9a.m 

97.8 

Bl.O 

7  p.m.     9p.m 

37.0 

68.6 

9  a.m.    lla.m 

28. V 

47.9 

9  p.m.    11p.m. 

85.7 

B1.4 

11a.m.     lp.m 

28.8 

44.1 

11p.m.      1a.m. 

3B.1 

48.1 

lp.m.     Bp.m 

98.8 

46.4 

l».m.     8a.m 

3B.4 

60.2 

8  p.m.     5p.m 

38. 1 

40.3 

8iL.m.     Ba.m. 

3S.3 

47.8 

Bp.m.     7p.m 

28. S 

4«.S 

Ba.m.      7*.m 

38.8 

44.0 

7  p.m.     9p.m 
»p.m.    llp.m 
llp.m.     liL.m 
l*.m.      8a.iii 

27.8 
36.6 
36.0 
28.0 

48.8 
49.9 
41.7 
48.9 

J*n.  80-Sl. 

Total 

...".' 1 

8S8.1 

80.0 

69.0 

9a.m.   lla.n 

39.8 

64. S 

S«.m.     6a.m 

24.7 

41.4 

llK.m.      Ip.m. 
1p.m.     8  p.m. 

8B.1 
37.  S 

6:t.4 
59.8 

5  a.m.     7a.m 

98.4 

44.7 

Total 

643.8 

— .    —.1  ot  water  from  abwrbcri,  cbatr,   teddlnc.  and  mla- 

a  tollowa:     Jao.  28-30,  02.60  grams ;  Jul  39.80,  63.10  gnat;  Jan.  80-81, 
-    ""-- -A  1-2,  20,07  franw. 
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Tabix  97. — Record  of  cariMM  dioxide  and  tavgen — MefaboUam  expeiiwtent  Ifo.  18. 


DaU. 

Ptriod. 

Caifao 

dioab. 

Om-i.              1 

AmiSitta 

T^ 

A-iSL... 

T^ 

p-iod. 

J^ 

^3? 

IWII. 

Frellmtnarr : 

Onwu. 

Oram: 

ZMtr*. 

Gram*. 

Jan.  38 

la.m 

%1 

9 

915.1 

1a.m.  to  8a.m... 

ss 

8 

ti'.ii 

917.1 

sale 

8a.in.        0  a.m... 

37 

8 

6S.8 

981.9 

87.0 

Jm.  8B-9B.... 

6  a.m.        7  a.m... 
ToUl 

7  a.m.  to  9  a.m... 

88 

S 

68.5 

938.0 

88.8 

. 

168.7 

111.1 

io 

T 

«8.> 

930.5 

61.6 

Sa.m.      11  Lm... 

SO 

03.7 

918.7 

50.4 

11a.m.        ip.m... 

81 

67.7 

918.8 

48.7 

lp.in.        8  p.m... 

80 

68. e 

986.8 

48.7 

Sp.n>.        Sp.m... 

88 

B3.2 

9S5.7 

46.8 

Bp.m.       7  p.m... 

88 

66.7 

948.1 

60.8 

7p.m.       9p.m... 

81 

45.1 

959.0 

43.8 

Vp.m.     11p.m... 

23 

60.8 

970.9 

48.0 

11p.m.       1a.m... 

SO 

4 

48.7 

970.6 

86.1 

l\.m.       8  a.m... 

17 

87.5 

975.0 

40.1 

8  a.m.        6  a.m... 

19 

41.8 

983.9 

86.2 

J&Q.   S9-S0.... 

6a.m.       7a.m... 

ToUl  

7  a.m.  to  »a.m... 

19 

48.5 

989,6 

89.3 

T 

608.9 

644.3 

27 

"^ 

S3.S 

987.8 

63.7 

9a.m.      11a.m... 

87 

6«.S 

987.8 

66.6 

lla-m.       1p.m... 

as 

48.8 

980.9 

47.6 

1p.m.       «p.m... 

26 

49.8 

986 .4 

47.3 

Sp.m.       6  p.m... 

88 

47. 4 

984.1 

51.8 

6  p.m.       7  p.m... 

81 

58.8 

984.6 

49.1 

7p.m.       9p.m... 

81 

46.1 

989.1 

45.6 

Bpm.     lip.m... 

31 

47. 8 

989.9 

48.7 

11p.m.        1a.m... 

17 

36.8 

990.8 

38.4 

la.m.       8  a.m... 

18 

87.8 

993.8 

40.7 

S*.m.       6«.m... 

18 

87.8 

987.6 

87.4 

Jan.   SO-81.... 

6  a.m.       Ta.m... 

ToUI 

7«.m.  to  9a.m... 

17 

88.8 

998.6 

83.8 

.    1            660.0 

547.9 

87 

Y 

64.2 

990.8 

08.8 

9  a.m.      11a.m... 

37 

68.3 

991.8 

49.6 

11a.m.        1p.m... 

8S 

60.6 

984.7 

49.0 

1p.m.       Sp.m... 

SS 

60.7 

977.8 

60.1 

8p.m.        6p.m... 

8S 

60.6 

989.0 

48.7 

6p.m.       7p.m... 

2t 

49.9 

998.8 

46.2 

7  p.m.       9  p.m... 

82 

44.9 

994.1 

48.4 

9p.m.     llp.m... 

81 

40.9 

998.8 

87.8 

11p.m.        1a.m... 

17 

86.6 

1004.3 

88.7 

lB.m.       8i.m... 

17 

83.2 

1008.8 

88.0 

8B.m.        6  a.m... 

22 

40.8 

998.9 

40.3 

6a.m.       7a.m... 
Total 

19 

27.9 

1008.4 

38.7 

641.7 

531.0 
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Tabu  tl.—BMord  of  carbon  dioxide  and  oxj/gm — Contlnaed. 


Data. 

Period. 

Carboo  dkoddt. 

o_            1 

»JS.b. 

1^ 

,j;^>. 

•^ 

ehambw 

:3ffii 

shunbv 

atnddl 

atcodof 

"pStod. 

br«d>j«t. 

p.riod. 

brxfldaM. 

ItOL 

Gram*. 

Otmu. 

UUrt. 

ffroM. 

Ju.  Sl-Feb.  1 

7iL.n.  to  aa.m... 

86. « 

5«.0 

1001.8 

6S.1 

9a.iii.     11  ■.m... 

M.S 

83.7 

903.0 

68.0 

ll..m.        lp.m... 

36.0 

60. S 

084.8 

49.6 

1p.m.       Sp.m... 

»7.1 

45.4 

974.8 

41.0 

Sp.m.      6p.m... 

9S.S 

48.1 

978.0 

48.8 

6p.m.       7p.m... 

N.O 

47.0 

976.6 

48. S 

Tp.m.       »p.in... 

98.8 

46.9 

079.4 

48.0 

Bp-m.     11p.m... 

>0.7 

88.9 

9T8.7 

88. 1 

11  p.m.        1a.m... 

18.8 

84.6 

972.1 

80. H 

l».m.        8Lm... 

19.0 

88.1 

070.0 

88.8 

8..m.        5..B... 

18. B 

89.7 

960.5 

89.7 

rab.  1-9 

5a.m.       7a.m... 

Total 

7a.m.  to  9a.m... 

10.7 

86.8 

988.8 

86. 0 

816.8 

609.7 

86.4 

58.6 

008.7 

63.8 

Ba.m.      11a.m... 

ss.o 

48.0 

000.8 

44.0 

11a.m.       1p.m.. 

98.7 

49.1 

951.6 

48.0 

1p.m.       8  p.m... 

S6.0 

48.9 

042  7 

41.8 

Sp.m,       Sp.m... 

99.4 

40.7 

041.4 

88. 8 

8p.m.       7p.m... 

23.1 

48. « 

080.8 

40.8 

7p.m.       9p.m... 

S6.7 

46.9 

098.0 

44.3 

•  p.m.     Up.m... 

S9.8 

89.8 

097.1 

41.0 

11p.m.        1a.m... 

19.0 

St. 8 

038.8 

88.1 

1a.m.       Sa.m... 

17,6 

80.0 

998.0 

88.7 

8  a.m.       5  a.m... 

80.5 

84.6 

034.8 

80.1 

fta.m.        7  a.m... 
Tot-U 

SO. 9 

84. 8 

034.4 

86.3 

488.0 

486.5 

BuMDrATioH  or  Watcb-Tafob. 
The  detennmation  of  water  of  respiration  and  perepiratioD  was  nude  in 
S-hoDT  periods.  The  data  are  given  in  table  96,  page  143.  During  the  progresa 
of  the  experiment  the  total  amonnt  of  water-vapor  residual  inside  the  chamber 
gradnallj  grew  less  and  as  a  result  of  the  decreased  relative  hnmidil^  there 
vaa  a  constant  loss  of  water  from  ariicles  in  the  chamber.  The  daily  amonnte 
of  tiuB  loss  are  recorded  at  the  foot  of  the  table. 

The  total  water  of  respiration  and  perspiration  gradnally  diminished  from 
^84.22  gnuns  on  the  first  day  to  543.34  grams  on  the  fifth  day. 
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Tabu  98.— Xtemmtt  katabolbKd  in 

IS. 

& 

»a. 

OeriMO. 

^ 

Ownm. 

it) 
AA. 

rtnt  (toy,      Jan.  M.  190S. 

iDComa  1  OzyceD  Uam  It 

Outgo: 

Orwm*. 
M4.a* 

Graeu. 

rr 

OreM. 

Mr94 

Ormmt. 

333&.8t 
38.49 
664.88 
808.87 

loisv 

7!47 

vn.m 

349.07 
1.81 
78.68 

1978.74 

8.96 

007. 60 

443. SO 

iiie 

SoUdllDDriM... 

Water  of  Tetpiratlon' 

86ST.89 
8018.16 

10.90 
10.30 

178.84 
178.54 

837.44 

80S6.I0 

9.96 
9.98 

Becoita  day,  Jon.  29,  1905. 

Income :  OzTgen  from  ftir 

Ontge: 

54T.8« 

647.88 

29SB.SS 
88. ST 
fl8«.0ft 
600.03 

li!97 

a!  si 

16a!73 

897.87 
3.08 
71.17 

3000,56 

9.98 

804.88 

407.80 

6.33 
6.38 

W»ter  of  «tplr»Uoii> 

41fla.8r 
SO IS. 01 

11.97 
11.97 

101.08 
101.08 

400.93 
400.93 

3683,78 
80S4.86 

Third  Oav,     Jan.  30,  190S. 

Income ;  Oirgen  from  tit 

Ontgo: 

fiSS.04 

583.04 

3898.87 
80.98 
602. SI 
841.67 

u!54 

7!o8 
147174 

801.94 
9.19 
67.40 

3896.88 

9.58 

584.91 

898.08 

si  74 

Water  of  reiplrallon  > 

8879.18 
8848.14 

11.54 

11.54 

155.67 
156.67 

871.68 
871.88 

8834.70 
3801.00 

6.74 
5.74 

Fourth  day,  Jem.  SI.  1905. 

Income:  Oz;k«d  from  air 

Ontgo: 

803.88 

509.68 

1938.35 

8S.75 

509.17 

{515.38 

lolso 

7!  08 
140 !« 

81S.78 
1.06 
88.89 

1718.57 

0.8S 

605.48 

874.71 

6!d9 

Wktarof  resplretloni 

C»bondlozlde 

ToUl 

Low 

8048.49 
3548.81 

10.89 
10.89 

148.17 
148.17 

381.48 
381. 4S 

3008.41 
3099. 7S 

0.09 
8.00 

FlftJt  Oay.      '«&■  i,  190S. 

Income :  Oz;gen  from  elr 

Ontfio: 

48S.54 

485.54 

1001.89 
SS.9L 
543.84 
483.00 

oIm 

7!  80 
181 !  47 

118.11 
1.97 
00.80 

880.78 
10.06 
483.54 
860.58 

oioi 

a  b,  Google 
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BLamiATioiT  or  Caskiii  Dioxnw  ahb  ABSoxmoir  of  Oxtskh. 

The  quantities  of  cftibon  dioxide  and  oxygen  reflidual  in  the  chamber  at 
the  end  of  each  experimental  period  as  well  aa  the  total  amoonta  of  carbon 
dioxide  exhaled  and  oxygen  consumed  by  the  rabject  are  given  in  table  97, 
page  144,  Flnctoationa  are  noted  in  the  reaidnat  omoonta  of  carbon  dioxide 
and  oxyg^i  as  in  the  earlier  experiments. 

The  amonnt  of  carbon  dioxide  excreted  was  greatest  on  the  first  day  and 
diminished  with  conBiderable  r^pilarity  to  the  end  of  the  experiment.  On  the 
other  hand,  the  daily  amounts  of  oxygen  consumed  remained  nearly  constant 
for  the  first  2  days,  after  vhich  there  was  a  gradual  diminution  from  day  to 
day. 


Tuu  M.—ElemenU  and  materM*  kataboliteil  In  bodv-MetaboHam  experimmt 

(••> 

m 

(0) 

<•!) 

**}    ■ 

(/) 

is) 

oiftU 

(1) 

CulKlD. 

"Sir 

Sii- 

W»t«r. 

Protein. 

Fat. 

'Sv 

Alb. 

IMt. 

Omt. 

am*. 

am*. 

am*. 

Omt. 

am*. 

Jan.  SB-as. . . . 

10.39 

178. M 

9i 

8,700 

41 

61.74 

Jan.  a»-80. . . . 

11 

97 

]ni 

lUi 

400.9! 

8,084 

Hf 

8,888 

Et 

71 

Ba 

161.79 

18.06 

6.38 

/M.  80-81.... 

II 

IRR 

117 

871.61 

8,113 

1' 

MM 

34 

153.68 

7.44 

S.74 

J«D.31-Feb.l. 

Itl 

S9 

I4M 

17 

281.41 

9,095 

7f 

3,317 

nr 

6M 

114 

31.flS 

FBb.  1-3 

Total.Sdajs. 

e 

9H 

1S9 

84 

174.88 

1,347 

86 

1,875 

88 

89 

88 

148.07 

'10.84 

8.08 

64 

" 

7,7 

77 

1666.30 

11,675 

. 

13,878 

83 

336 

02 

698.19 

171.80 

B4.0* 

■  Qljeogm  galnsd. 


BLBHKnTS  KlTABOUZED  m  THK  BODT. 


The  elements  katabolized  in  the  body,  obtained  by  the  methods  previously 
described,  are  given  in  table  98.  The  apparently  excessive  losses  of  total  weight, 
hydrogen,  and  oxygen  are  partly  compensated  by  the  large  amounts  of  water 
consumed. 

ElemenU  and  materiah  iatabolized  in  the  body. — A  summary  of  the  losses 
of  the  elements  and  the  compounds  computed  therefrom  by  means  of  formulse 
previously  recorded  is  given  in  table  99.  As  in  the  preceding  table,  there  is  a 
very  large  apparent  loss  of  hydrogen,  oxygen,  and  water.  The  loss  la  protein 
averages  66  grams  per  day. 

In  commcm  with  the  other  fasting  experiments,  there  is  a  very  large  'ioes  oi 
glycogen  duriDg  the  first  2i  hoars  of  the  fast  and  lesser  losses  on  ttxe  3  Aa^a 
followinn'.  but  on  the  fifth  dav  there  is  annarentlv  a  train  nf  10.84  sras-nB.    The 
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Balance  of  voter. — In  table  100,  showing  ihe  difltribntion  of  intake  and 
ontpnt  of  water,  tbe  results  ore  obtained  oa  explained  eariier  in  this  publica- 
tion. Allowance  has  not  been  made  in  coIomnB  d  and  /,  bowevw,  for  water  of 
feces  passed  on  the  first  3  days  of  the  experiment  for  tbe  reason  explained  in 
the  discussion  of  table  73,  page  120. 

The  data  below  show  that  the  actual  loss  of  water  to  the  bodj  was  Teiy 
much  less  than  the  apparent  lose  ehown  in  table  99.  The  water  of  oxidation 
of  organic  hydrogen  is  not  materially  different  in  amount  from  that  fonnd  in 
the  prerions  fasting  experiments. 


Date. 

Outcofromthabodj. 

BaluiM  of  praforiMd  wkUr. 

UODOf 

fa) 
WaMr 
urine. 

and 

Total 

ffi. 

St 

(«) 

(f) 

LOMOf 

wmteri 

IBDt. 

jM.aS-99 

j«ii.a»-so 

Oram*. 
8,3116.8 
9,93S.a 
8,898.8 
1,928.8 
1,001.9 

Oramt. 
084.8 
0SS.1 
808. 8 
U9.S 
648. S 

8,M4.3 
8,800.0 
3,497.5 
1,646.8 

8,700.4 
8,868.8 
8,118.3 
9,317.6 
1,875.4 

9,088.8 
3,748.9 
8,788.3 
1,966.4 
1,075.9 

831.4 
849.0 
863.1 
399.6 
3860.1 
460.0 

309.8 
198.0 
188.4 
180.0 
189. 8 

3*a.  Sl-Pab.  1 

F«b.    1-8 

Ti>Ul,9d»}rt.... 

A«r»([eper4»7. 

10.788.6 
8,16«.S 

B03B.1 
607.0 

13,817.6 
8,768.6 

19,878.8 
3,674.7 

10,833.7 
8,134.7 

948.8 
188.8 

Feces  w«r«  pMMd  on  the  Orat  thra*  d*ri  of  tba  ax- 


Ceakocs  IK  BoDY-WdaHT  Cohfabkd  with  Bai>*ncx  or  Iirooicx  akd  Oimo. 

The  subject  was  weighed  as  usual  each  morning  throughout  the  experiment 
and  in  table  101  a  comparison  of  the  changes  in  body-weight  with  the  balance 
of  income  and  outgo  is  given.  The  income  conMsts  of  water  and  oxygen 
consumed  while  the  outgo  includes  the  urine,  feces,  carbon  dioxide,  and  water 
of  respiration  and  per^iration. 

Before  the  fasting  period  began  the  subject  took  a  gelatin  capsule  filled  with 
lampblack.  Feces  were  passed  the  first  3  days  of  the  experiment  in  the  follow- 
ing amounts;  First  day,  71.60  grams;  second  day,  87  grams;  and  the  third 
day,  51.10  grams,  but  as  they  contained  no  lampblack  they  undoubtedly 
resulted  from  the  food  consumed  before  the  fast.  In  making  the  balance  of 
income  and  outgo,  howeTer,  the  feces  have  in  effect  been  r^tored  to  ttie  body 
of  the  subject,  and  the  losses  shown  by  the  scale  have  been  correspondingly 
reduced. 
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In  comparing  the  loeses  in  t>ody  material  with  the  losaes  in  body-weight,  it 
i£  seen  that  aside  from  the  diBcrepancy  of  over  100  grams  on  the  firet  day, 
the  agreement  ie  quite  satisfactory.  It  is  to  be  observed  that  on  each  of  the 
last  4  days  the  loss  of  body-weight  is  slightly  greater  than  the  loss  of  body 
material  computed  from  the  income  and  outgo. 

OnrruT  or  Heat. 
The  summarized  data  for  the  total  beat  production  per  2-houT  period  are 
given  in  table  103.    The  total  heat  production  is  greatest  on  the  first  day  and 
gradually  diminishes  throughout  the  experiment. 


s;s. 

£%. 

^. 

'Att 

Feb. 

Total  for 
6  dare. 

Avepwe 
per  day. 

Ineoma: 
(«)  WiUrcoiituDied 

ssrso 

slars. 

583.04 

Otmm. 
1956.40 
503. 6B 

Onmt. 
1076.90 
186.64 

10,638*70 
9,618.86 

Oram: 
9134.74 
633.07 

3SM.IHiS3H.Te 

1661.44 

18,387.08 

8647.41 

ODtgo: 

3966.40 
61.10 
Ml.  67 

COS. 31 

3148.90 
616 ! S3 
569.17 

1199.10 
489!do 
648.84 

11,688.70 

309.70 

9,707.78 

8,085.09 

3887.74 
41.94 
&4t.60 

007,03 

71.60 

eos.ST 

684. B3 

87.00 
S60.0S 

686.00 

</)CarbOD  dloiids 

(f)  Water  of  resplratioa 

WToUl  (*+/+»> 

W  Lot*  of  bod;  maUrlal 

8908. B9 

a9«.87 

4110.88 

81133.39 

8317.44 

17,481.67 

8486.81 

1883.08 
1168.00 

673.11 
686.00 

814.14 
886.00 

770.31 
779.00 

866.00 

868.00 

4,194.81 

4,187.00 

888.90 

837.40 

(J)  Loia  of  bod;  weight. . 

>TIte  data  Id  tbla  cola 
Bxplaiuttloii,  p.  66. 

*  Not  Included  In  tlie  total  ontga. 


■  data  In  otbei  tablea.    See 


t  be  confounded  with  d 
Bee  p.  148. 
BuAKCs  or  BimuT. 

Allowing  for  the  energy  of  the  incompletely  oxidized  products  of  protein 
katabolism,  the  total  energy  derived  from  all  sources  may  be  computed  and  com- 
pared with  the  total  beat  production.    This  comparison  is  shown  in  table  103. 

On  comparing  the  total  energy  derived  from  different  sources  with  the  total 
heat  production  it  is  seen  that  on  the  firet  day  the  computed  energy  is  19 
calories,  or  1.0  per  cent,  smaller  than  the  total  heat  production.  The  largest 
discrepancy  appears  on  the  last  day  when  the  total  as  derived  from  all  sources 
is  66  calories,  i.  e.,  4,3  per  cent  greater  than  the  total  heat  production.  In 
these  compatations  it  ehould  be  borne  in  mind  that  the  energy  from  the  body 
glycogen  stored  on  the  last  day  has  been  deducted  from  and  not  added  to  the 
energy  from  the  body  protein  and  fat  inasmuch  as  it  represents  energy  stored 
and  not  liberated.  The  largest  discrepancy  appears  on  the  day  on  which 
the  smallest  total  heat  production  is  measured. 
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73. 

(a) 

W 

(o) 

m 

D«to 

Period. 

Heat 

X. 

*t^?' 

Total 
h^t 

ternu 

■r;»- 

pIOllQO- 

c„. 

water. 

tona. 

(o+li+e). 

UOfc 

FraUmlDBrr: 

Calorie*. 

Oolorte*. 

OttlOftM. 

*'".'???,■ 

Jml  88 

1a.m.  to  8a.m.... 
S  a.m.         5a.in 

98.1 
88.7 

43.8 
44.9 

»—   8.8 

■1S5.I 
M38.6 

Jan.  9$-M 

6a.m.         7a.m.... 

ToUl 

7a.m.  to  »a.«.... 
9a.m.       11a.m.... 

&8.S 

80.8 

'      

•138.4 

878.4 

137.8 

•  -  3.8 

'397.1 

178.4 
188.8 

47.7 
44.6 

-38.6 
+   1.8 

l'JU.6 
184.1 

11a.m.         Ip.m 

198.1 

89.6 

+  11,7 

179.  S 

1p.m.         8  p.m.... 
Sp.m.         5p.m  ... 
6p.m.         7p.m.... 
7p.m.        »p.m.... 
»p.m.      11p.m.... 

118.2 

38.0 

164.6 

180.4 

86.9 

-10.6 

158.7 

1BS.4 

89.8 

+  16.8 

188.4 

1S«.7 

86.9 

-  5.9 

158.7 

139.8 

35.0 

-33.8 

143.0 

11p.m.        l!^m.... 

69.8 

88.7 

+  14.8 

111.1 

1a.m.        8  a.m 

70.0 

88.3 

+  9.3 

1 15.8 

8  a.m.         Sa.m. ... 

V4.9 

34.9 

+  14.4 

144.3 

Jan.  99-SO 

6  a.m.         7a.ia.... 

ToUl 

7a.m.  to  9a.m.... 
»a.m.      11a.m... 

87.6 

35.1 

+  16.8 

188.4 

1890.1 

459.8 

+  16.7 

1885.8 

186.0 
133. 8 

S7.6 
43.4 

-19.8 
+  1S.5 

183.9 
190.7 

11a.m.         Ip.m... 

138.8 

86.0 

-  0.7 

163.8 

1  p-m.         3  p 

m 

119.6 

83.6 

+   5.1 

158.1 

8  p.m.         Bp 

U8.S 

8S.7 

+   8.4 

149.7 

6  p.m.        Tp 

m.... 

137.6 

86.3 

+   6.8 

178,6 

7  p.m.        9p 

13B.8 

84.8 

-13.4 

151.8 

Vp.m.      lip 

138.6 

83.0 

-16..! 

141.4 

11p.m.         la 

m 

61.6 

31.1 

+  18.5 

101.1 

1a.m.        8a.m.... 

77.6 

83.3 

+  4.4 

lU.l 

8  a.m.         6  a.m.... 

91.1 

80.8 

+  34.9 

1S6.8 

Jan.   30-81 

Ba.m.         Ta.m. ... 
Total 

7a.m.  to  9  a.m.... 
Ba.m.       11a.m.... 

89.0 

38.6 

+    5.9 

133.6 

1847.8 

407.4 

+  35.8 

1700.8 

18S.8 
133.5 

86.8 
34.3 

-36.3 
+    6.5 

177.4 
174,3 

11a.m.         1p.m.... 

111.8 

33.8 

+  I4.S 

158,4 

lp.in.         3  p.m.... 

131.3 

33.7 

+   7.3 

161.3 

3p.m.        6p.m.... 

184.5 

83.H 

-  0.9 

186.6 

5p.m.         7p.m.,.. 

138.9 

33.3 

+    8.3 

169.5 

7  p.m.         9  p.m.... 

139.4 

33.0 

-17.5 

144.9 

(Ip.m.       Ilp.ra 

113.8 

39.4 

+    0.5 

148.6 

llp.m.         la.m.... 

63.3 

39.4 

B3.8 

1a.m.         Ba.m... 

76.6 

87.1 

+    3.1 

106.8 

3a.m.         Sa.m.... 

88.9 

89.9 

+  33.9 

iai.3 

Ga.m.         7  a.m.... 

80.6 

37.  B 

+  14.3 

133.6 

Total 

1337. 1 

878.5 

+  88.5 

1739.1 
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Conttoued. 

(a) 

(6) 

(0) 

(<i) 

SHI 

tiom.' 

ToUl 

^n'^ 

water. 

(«+b+e). 

IMB. 

Ju.  il-Ttib.  1 

7  ft.m.   to    9  ■.m... 

14B.1 

158.4 

9  ■.m.          U  1 

m 

183.1 

80.B 

+    7,5 

161.6 

196.1 

83.4 

+    7.8 

1«8.1 

1  p.ai.          8  I 

m.... 

isa.i 

80.0 

+   4.6 

16«.fl 

S  p.1>.             8  I 

iia.B 

8S.« 

-   3.4 

140.8 

5  p.m.           7 1 

m 

138.9 

99.1 

-  0.8 

16S.3 

m 

117.8 

81.8 

-  6.6 

148.1 

9  p.m.         11  t 

112.8 

S8.9 

-9S.9 

119.0 

Up.m.            1  ».m.... 

69.1 

89.1 

+  18.0 

106.9 

89.0 

97.7 

+    7.9 

94.8 

«  ■.m.            S  ■.m.... 

B0.8 

97.6 

+  81.6 

199.8 

6  B.m.          T  k.in.... 

S6.8 

37.1 

+  16.9 

139.8 

1379.0 

885.3 

+  317 

1088.9 

7..m.  to   »Mii.... 
9».m.        11  ■.m.... 

166.5 
I1B.6 

81.3 
38.9 

-89.6 
+  fl.8 

154.3 
154.8 

ll«.in.           1p.m.... 

108.1 

87.1 

+   1.9 

18L1 

u.... 

114.1 

37.  S 

-  0.8 

141.1 

8  p.m.          Gp 

n 

93.4 

34.8 

-  1.7 

118.6 

6  p.m.          7p 

114.8 

88.4 

-  3.0 

141.9 

Tp.ni.          9p 

D.... 

180.9 

89.5 

-  8.4 

144.0 

9  p.m.         Up 

117.7 

80.8 

-18.8 

180.0 

54.8 

96.7 

+  19.9 

99.5 

74.7 

36.6 

-  8.5 

94.7 

3».m.          aa.m.... 

75.0 

8S.B 

+  38.7 

137.9 

SK.m.          7  a.m.... 

71.4 

27.6 

+  14.9 

118.B 

1818.8 

888.6 

+   1.8 

1647.8 

BntirKT  dorlvod  from  different  Bouiw 

I*. 

Dite. 

From  bodr  protein. 

(d) 

(•) 

(n 

(0) 

sreateF  (+) 
tbao  output. 

-*•* 

piKn- 

(0) 

^Jl 

bttmbo- 

...;„ 

r'ff 

'r.l,*' 

a 

Total 

Amomt 

ivoe. 

CtO*. 

COK. 

GiK. 

Can. 

Gobi. 

mi. 

Ori*. 

Pit  ct. 

.Ian 

28-89. . . . 

840 

86 

968 

1017 

687 

1847 

1866 

Jan 

89-80.... 

406 

98 

308 

1447 

76 

1B31 

17B1 

+   40 

.Ittti 

80-31.... 

801 

96 

395 

1456 

31 

1783 

1789 

+  43 

+  3.6 

Jan. 

Sl-Feb.  1. 

863 

98 

880 

1337 

Bl 

1878 

1863 

+    16 

+  0.9 

Fob.  1-8 

Tot»I,Bd»jB. 

888 

98 

946 

1413 

■45 

1614 

1546 

+  4.8 

1836 

464 

1878 

6680 

780 

6763 

8607 

+  148 

At.  per  d.y.. 

867 

98 

374 

1B33 

144 

1731 

>  Qljeottn  gained. 
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<«) 

W 

(0) 

(*) 

<•) 

v.ffl.. 

y£n 

e 

Dat«  and  period. 

SS 

Oijgna 

a-esss 

SfiX 

ass; 

afoarbo 

or 

t5- 

'ssr 

lumed. 

t^ri'sf 

Ssir. 

sfes 

eliml- 
[dXOJIOM 

16X0.7] 

FrellmluaTT : 

=  "^ 

Jan.  98: 

Oab. 

Oram*. 

Ormmt. 

UMr*. 

Ltten 

I  i.m.  to   8a.m.. 

'186.1 

86.8 

98.6 

46.0 

88.8 

39.0 

86.1 

0.01 

8  a.m.        6  a.m.. 

'188 .« 

87.0 

87.8 

68.8 

49.1 

38.0 

96.9 

1. 11 

fia.m.         7a.in.. 
total 

1198.4 

88. B 

ao.o 

B2.6 

40.9 

96.8 

80.8 

1.00 

'807.1 

111.1 

98.0 

168.7 

88.7 

78.8 

77.8 

1.01 

Jan.  88-2B: 

7a.DL  to   Oldi.. 

109.8 

<1.8 

80.8 

88.2 

84.8 

84.7 

48.1 

.81 

9a.m.        11a.m.. 

181.1 

BO.  4 

97.4 

83.7 

84.1 

81.9 

SB. 8 

.90 

11a.m.        1p.m.. 

170.8 

48.7 

87.8 

BT.7 

89.3 

99.4 

84.1 

.86 

1p.m.        8  p.m.. 

1S4.6 

48. 7 

88.8 

69.8 

84.1 

38.8 

80.0 

8  p.m.        Bp.m.. 

168.7 

48.8 

90.0 

63.2 

88.8 

28.6 

88.8 

iai 

Bp.m.         7  p.m.. 

188.4 

60.8 

87.7 

66.7 

SO.  8 

98.8 

86.6 

.80 

7  p.m.          ep.m.. 

168.7 

49. « 

37.9 

46.1 

28.8 

38.0 

80.8 

.77 

»p.m.       11p.m.. 

148.0 

4S.0 

88.8 

60.3 

86.8 

26.6 

88.8 

.76 

11p.m.         llm.. 

111.1 

8B.1 

88 .5 

43.7 

SB. 4 

81.7 

86.8 

.86 

lB.m.        8  a.m.. 

116.7 

40.1 

84.7 

87. B 

88.5 

19.1 

38.1 

.08 

Sa.m.         6  a.m.. 

144.  S 

8B.9 

26.1 

41.8 

29.0 

31.8 

38.8 

.84 

6  a.m.         7t.m.. 
Total 

188.4 

89.8 

38.3 

49.6 

80.7 

31.7 

87.4 

.70 

18*5.7 

644.8 

80.8 

808.9 

88. • 

810.0 

881.0 

.81 

Jan.  89-80: 

7a.m.  to    0  a.m.. 

183.0 

88.7 

84.8 

63.6 

84.8 

81.8 

44.8 

.71 

»a.m.       11a.m.. 

190.7 

66.8 

99.1 

66.8 

39.8 

28.9 

88.8 

.76 

11a.m.         1p.m.. 

182.8 

47.6 

39.8 

48.8 

80.0 

84.8 

88.8 

.76 

1p.m.         8  p.m.. 

158.1 

47.8 

80.9 

49.6 

81.4 

96.8 

88.1 

.76 

3p.m.         Sp.m.. 

140.9 

61.8 

84.6 

47.4 

81.7 

34.1 

88.8 

.67 

8  p.m.         7  p.m.. 

178.8 

49.1 

87.6 

68.8 

20.0 

87.3 

84.4 

.70 

7  p.m.         Bp.m.. 

161.8 

46.8 

80.9 

46.1 

80.6 

88.6 

81.0 

.74 

0  p.m.        11p.m.. 

141.4 

48.7 

84.6 

47.3 

88. 4 

94.0 

84.1 

.71 

11p.m.         1a.m.. 

101. 1 

88.4 

28.1 

86.8 

86.4 

18.7 

10.0 

.04 

1a.m.          8  a.m.. 

114.1 

40.7 

86.7 

87.8 

83. T 

10.0 

88.6 

.67 

Sa.m.          6  a.m.. 

1GS.8 

87.4 

27.8 

87.8 

87.8 

19.0 

36.1 

.78 

Sa.m.         7  a.m.. 
Total 

128.0 

83.3 

86.1 

86.8 

39.8 

18.8 

98.6 

.88 

790.8 

647.9 

80.6 

680.0 

81.8 

986.1 

8B8.6 

.74 

Jan.  80-81: 

7  a.m.  to    0  a.m.. 

177.4 

68.9 

SS.4 

84.9 

86.9 

89.7 

47.7 

.68 

fta.m.        11a.m.. 

174.8 

40.8 

38.4 

63.3 

80.0 

96.8 

84.7 

.77 

11a.m.         1p.m.. 

138.4 

49.0 

81.0 

60.6 

81.8 

26.7 

84.8 

,76 

1p.m.        8p.m.. 

181.8 

60.1 

81.0 

BO. 7 

81.6 

36. B 

86.0 

.74 

8  p.m.        Bp.m.. 

188. B 

48.7 

29.8 

80.8 

80.4 

86.7 

84.1 

.T8 

Bp.m.        7  p.m.. 

ISO.  6 

46.8 

87.8 

49.0 

29.4 

96.4 

89. 8 

.70 

7  p.m.      _»p.m.. 

144.9 

48. 4 

20.0 

44.0 

81.0 

99.0 

80.4 

.76 
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Tabix  104. — Oxyffert  a 
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W 
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Volume 
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Le- 

Date  ud  period. 

■KS 

Oijgea 

S.'e?S3 

Carbon 
dioxide 

OaiiMD 
dioxide 

'5^r 

of        n> 
oxjgoa    I 

Ira- 
T 

's?r 

■umed. 

•^^"al 

sa 

tbennal 
quotient 
aood+o). 

iSi) 

(ftxIS?.    (/ 

int 
fff). 

1906. 

Jm.  81- 

Feb.  1 : 

out. 

OroaM. 

Sroflu. 

Idtert. 

IMtn. 

7a.iB 

to    9  a.m.. 

168.4 

65.1 

84.8 

6«.0 

86.4 

38 .6 

88.0 

74 

Vt.m 

11  a.ni.. 

IS1.6 

68. 0 

8S 

3 

58.7 

83 

8 

30 

87 

78 

11  a.  m 

1p.m.. 

IM.l 

49.6 

80 

60.3 

89 

9 

35 

84 

74 

lp.ni 

8  p.m.. 

IM.S 

41.8 

ZO 

45.4 

39 

0 

98 

39 

80 

8p.m 

5  p.m.. 

140  .B 

48.8 

SO 

48.1 

80 

8 

31 

80 

73 

Sp.m 

7  p.m.. 

16S.a 

48.8 

87 

47.0 

80 

8 

84 

80 

79 

7p.m 

9  p.m.. 

148.1 

4S.9 

80 

40.3 

88 

8 

38 

80 

78 

ftp.111. 

llp.m.. 

iie.o 

88.1 

83 

88.9 

83 

7 

19 

30 

74 

llp-m. 

1a.m.. 

108.3 

80.8 

88 

84.6 

83 

0 

17 

81 

88 

Itm 

8a.m.. 

94.6 

80.8 

88 

88.1 

86 

0 

16 

35 

06 

SLID 

Sa.m.. 

lao.e 

88.7 

86 

83.7 

36 

3 

16 

33 

78 

S4.m. 
Feb.  1-8 

Ta.m.. 

139.8 

86.0 

87 

85.8 

37 

8 

18 

36 

71 

1M8.0 

508. T 

80 

616.3 

iT 

T 

383 

8 

851 

9 

75 



1 

T«.in 

to   9a.in.. 

184.9 

62.8 

SS.O 

68.6 

84.7 

87.3 

80.0  1 

T4 

ea.iD 

11  a.m.. 

1B4.S 

44.6 

38 

48.0 

37.9 

31 

81 

70 

11  a.  m 

1p.m.. 

181.1 

48.0 

83 

43.1 

88.1 

31 

39 

78 

lp.m 

8p.m.. 

141.1 

41.8 

39 

43.9 

80.4 

31 

38 

76 

Sp.m 

S  p.m. . 

1H.8 

88.6 

88 

40.7 

84.9 

SO 

30 

77 

6p.m 

7  p.m.. 

141.3 

46.8 

88 

48.0 

80.9 

33 

83 

08 

7p.in 

»p.m.. 

144.0 

44.8 

SO 

46.3 

81.4 

38 

81 

74 

9p.m 

11  p.m. . 

180.0 

41.6 

83 

89.8 

BO. 6 

80 

39 

70 

llp.m 

1a.m.. 

99. B 

88.1 

38 

81.8 

83.0 

IS 

19 

83 

la.m 

8  a.m.. 

94.7 

88.7 

85 

80. 0 

81.7 

15 

88 

66 

8a.ni 

137.3 

80.1 

88 

84.0 

37.8 

17 

35 

70 

Bft.m 
ToU 

7  a.m.. 

118.8 

8«.8 

81 

84.8 

80.6 

17 

85 

70 

1H7.0 

486.6 

81 

483.0 

81.8 

345 

4 

889 

73 

RsUTiona  BCTWXEiT  OxroKit  CoirsmcnTOR,  Gakbor  Dioxidk  BumNATiOM,  *hi»  HsaT 
PBODUcrron. 
The  relationBlupB  expreseed  by  the  oxygen  thermal,  carbon  dioxide  thermal, 
and  respiratoTy  quotients  are  given  in  table  104.  It  appears  that  on  the  first 
day  the  oxygen  tbennal  quotient  is  the  lowest,  the  carbon  dioxide  and  respir- 
atory quotient  the  highest,  while  on  the  succeeding  days  all  three  ratios  are 
approximately  conetant  This  statement  does  not  take  into  account  the  fluctn- 
atims  in  these  quotients  during  the  IS-hour  periods.  In  this  experiment, 
however,  the  fluctnations  seem  leas  marked  than  in  previous  studies  here 
reported. 
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Metabolism  Experiment  No.  74. 

Immediately  followiDg  the  5-day  fast  (experiment  No.  73), 
was  made  with  the  same  subject  in  order  to  obtain  additional  infonnation 
regarding  the  effect  on  metabolism  of  the  ingeetioii  of  food.  The  experiment 
began  February  3,  1905,  at  7  a.  m.,  and  continued  withont  interruption  for 
73  hours.  Thus,  the  series  (experimenta  Noe.  73  and  74)  represents  a  contin- 
nous  S^ay  experiment  inaide  the  respiration  chamber,  of  vhich  6  days  vere 
without  and  3  days  with  food.  As  previously  pointed  out  the  data  obtained 
in  the  experiment  with  food,  especially  on  the  first  and  second  days,  indicate 
the  transfonnations  during  transition  from  fastiog  to  food. 

Notes  from  diary,  puUe  recorda,  and  recordt  of  body  movements. — Such  notes 
from  the  diary  as  are  deemed  essential  to  an  understanding  of  the  condition 
of  the  subject  during  his  stay  in  the  calorimeter,  the  records  of  his  pulse  rate, 
and  the  usual  records  of  body  movements  are  given  below : 


Feb.  2,  1905: 

7*80~  a.  m.  Passed  a  fairly  good  night; 
awoke  Orst  time  at  3*2S''  a.  m.,  fell 
asleep  Bgaiu  at  S'lE™  a.  m.  and 
awoke  at  6'2&'*  a.  m.  Hy  tongue 
baa  a  white  coat  and  la  swollen, 
showing  mjr  teeth  marks  on  It;  have 
a  aweet  taste  In  my  mouth.  Have 
just  taken  a  little  orange  Juice. 

4  p.  m.  Feel  very  comfortable.  The 
swelling  of  the  tongue  is  gradually 
diminishing.  I  feel  so  good  I  could 
undertake  another  5  days'  fast  to- 
morrow. 

10  p.  m.  Have  passed  a  very  comfortable 
day,  but  It  is  becoming  a  little  mo- 
notonona  In  here  and  1  will  be  ex- 
tremely glad  to  come  out 

lO'SO™  p.  m.   Pain  In  heart 
Feb.  3,  1906: 

7*30°  a.  m.  Have  passed  a  fairly  good 
night;  was  still  sleepy  when  called. 

8M6~a.m.  Have  Just  defecated,  but 
with  difficulty. 

12  m.  Finished  my  second  allotment  of 


Vote*  from  iiary. 


milk.  It  is  Tsry  rich  and  has  a  dlf- 
ferent  taste  from  that  I  nsnally 
drink.  Tongue  still  swollen  and 
coated;  taste  In  the  mouth  only 
moderately  bad. 

4  p.  m.   Feel   very   comfortable,   but   a 
little  sleepy. 
Feb.  4.  1906: 

7^30'  a.  m.  Did  not  sleep  very  well  and 
was  Btlll  very  sleepy  when  I  re- 
ceived the  rising  signal.  Uy  tongue 
Is  heavily  coated  with  a  brownish 
fur;  taste  in  mouth  is  bad.  I  think 
the  mflk  is  making  me  bilious,  as  it 
is  very  heavy  and  rich. 

8  a.  m.    My   tongue    is    still   swollen  a 

little. 
8*15"  a.  m.    Defecated  with  much  dlffl- 

9  p.m.    Have    a    slight    duU    (bilious) 

headache. 

10  p.  m.   My  headache  is  Increasing  and 

I  have  a  nauseated  feetlng;  did  not 
take  sufficient  acids  for  the  amount 
of  milk  I  drank. 


7*.' 

Time. 

s.m. 

a.?n. 

1. 

IE 

4 
p.m. 

p.m. 

8 
p.m. 

10 
p.m. 

Fob.  2 

Feb.  8 

S3 
5.1 

57 

se 

64 

64 

54 

'75 
GS 

■75 
57 

61 
S3 

•64 
64 

59 
54 
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MovtfMnta  of  MVttJect,  turatUm  3  day*,  from  Fe1>.  f ,  7  a.  m.,  to  Feb.  S,  7  a.  m.,  130S. 


February  t. 

p 

K. 

M. 

A.  It. 

6>  00-  count  pulse. 

1  04- 

move    about,    uri- 

7*00- 

rise,  urinate. 

04 

food  aperture. 

nate. 

7  M 
T  10 

velsb  aelf,  etc 

08 
00 

sit,  read, 
rise,  urinate. 

08 

food  aperture,  lean 
on  table,  read. 

7  IE 

food  apertnre. 

04 

move  about 

16 

move   about   lean 

7  18 

Bit 

16 

food  aperture. 

on  table,  read. 

7  20 

Comb    lialr.    food 

24 

sit 

28 

sit,  read. 

apertnra. 

42 

lean  on  table,  read. 

00 

count  pulse. 

7  30 

drink,  count  palee. 

write. 

48 
00 

sit 

count  pulse. 

02 
06 

food  aperture, 
stand,  eat 

7   38 

alt 

OS 

rise,  food  werture. 

8   00 

connt  pulse. 

12 

sit 

16 

9   02 

telephone,     r  1  a  e , 

00 

rise. 

18 

Bit,  read. 

food  aperture. 

24 

20 

food  aperture. 

9   04 

■It. 

38 

sit 

46 

asleep,     head     on 

»  07 

rise,  food  aperture. 

10 

00 

count  pulae. 

table. 

9  08 

alt 

10 

02 

open  bed. 

54 

awake. 

9  12 

write. 

10 

04 

lie. 

56 

count  pulse,  write. 

9  36 

10 

30 

write. 

04 

rlae,  food  aperture. 

10  00 

count  pulse. 

11 

00 

rise. 

OS 

move  about 

10  15 

drink. 

11 

02 

close    curtain,    un- 

12 

sit,  head  on  table, 

11  02 

move  about 

dress,  urinate,  re- 

asleep. 

11  04 

Stand,  read. 

Ure. 

14 

rise,  food  aperture. 

11  06 

12  00 

food  aperture, 
count  pulse. 

M. 

Februarys. 

16 
24 

stand,  read. 
sit  asleep. 

P.M. 

T'OO" 

rise,  urinate. 

02 

12»  04- 
IS  06 

more  about 
Bit,  write. 

7 
7 

04 
11 

weigh  BSlf,  etc 

06 
3S 

read. 

12  32 
1  02 

telepbone. 

riB^  move  about 

7 
7 

17 
18 

food  apertnre. 

40 

Btand,  doctor  read 

diary, 
move  about, 
doctor  count  pulse. 

1   04 
1   OS 

food  aperture,  lean 
on  Uble,  urinate, 
move  about 

7 
8 
ft 

30 
00 
02 

count  pulse, 
count  pulse, 
move  about 

42 
46 

1  10 

food  aperture. 

1 

10 

lean  on  table. 

54 

food  aperture. 

1  26 

Bit,  read. 

8 

IG 

defecate. 

66 

Uke  temperature. 

2   00 

count  pulse. 

IS 

sit  read. 

00 

count  pulse. 

2   04 

move    about,    food 
aperture. 

* 

25 

telephone,  food  ap- 
erture. 

04 

rise,    move    about, 
sit. 

2   10 

alt,  write. 

8 

28 

alt 

05 

food  aperture. 

3  02 

move  about. 

9 

02 

rlae,  food  aperture. 

10 

read. 

3  04 

Bit,  write. 

8 

08 

rise,  food  aperture. 

02 

rise,  urinate. 

8  44 

move  about 

10 

00 

sit,  count  pulse. 

32 

rise. 

3  eo 

food  aperture. 

10 

20 

rise,  move  about 

36 

lean  on  Uble. 

i  00 

count  pulse,  write. 

10 

22 

sit 

00 

food    aperture. 

4  04 

food  aperture. 

10 

21 

read. 

count  pulse. 

4  08 

food  aperture. 

11 

02 

move   about,   food 

06 

stand,    lean    on 

4  12 

lean  on  Uble. 

aperture. 

Uble. 

4  22 

sit. 

11 

06 

lean  on  Uble. 

20 

sit.  read. 

E  02 

rise,  lean  on  table. 

11 

OS 

food  aperture. 

48 

alt,  head  on  Uble. 

5  08 

telephone. 

11 

10 

lean  on  table. 

12 

sit 

6  09 

food  apertnre. 

11 

16 

Bit 

14 

stand. 

5  12 

vigorous         move- 

11 

18 

read. 

16 

open  bed. 

ment. 

11 

2G 

rise,  food  aperture. 

20 

lie. 

E  14 

stand,  doctor  count 

11 

28 

stand. 

10 

00 

count  pulse. 

pulse. 

11 

34 

alt,  read. 

10 

16 

He. 

5   20 

stand. 

11 

40 

BUnd. 

11 

00 

rise,  urinate. 

5   25 

11 

42 

Bit,  read. 

11 

02 

close   curUln,   un- 

G  28 

read. 

12 

00 

count  pulse,  wrtte. 

dress,  retire. 

Dioiiizeab,  Google 
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Febnarvi. 

A.  It. 

f 

M. 

A.M. 

11 

0«- 

more    about,   food 

P02- 

rise,  move  about 

7»00- 

rise,  orlnste. 

aperture. 

G 

08 

lean  on  table,  read. 

7  04 

11 

ss 

flit 

6 

38 

walk  about 

7  09 

weigh  self,  etc 

11 

GO 

food  aperture. 

G 

40 

lean  on  table,  read. 

7   18 

13 

00 

count  pulse. 

G 

44 

telephone. 

7  18 

food  aperture. 

p 

H. 

G 

G2 

move  about 

7   22 

move  about. 

I2»02- 

iit  read. 

6 

00 

count    pulse,    take 

7   30 

connt  pnlse,  write. 

1 

03 

urinate,     move 

temperature. 

7   S6 

«it 

about,     lean     on 

6 

01 

telephone. 

7  46 

read. 

table,  read. 

8 

04 

food  aperture. 

8  00 

coont  pnlae. 

1 

06 

food  aperture. 

8 

13 

rise,  lean  on  table. 

8  08 

more  about 

1 

08 

lean  on  table,  read. 

read. 

8   10 

food  aperture. 

1 

33 

Bit 

« 

14 

telephone. 

8  16 

2 

00 

oouut  pulse. 

8 

30 

Bit,  read. 

8  20 

Hit.  read- 

2 

08 

rise,  food  aperture. 

7 

00 

rise,  urinate. 

9  01 

moTe  about. 

3 
2 
3 
3 
3 
3 

10 

40 
13 
20 
33 
SO 

sit 

move  about 

rise,  move  about 

sit 

eat 

7 

06 

lean  on  table,  read. 

9  04 
9   10 

food  aperture, 
sit,  read. 

7 
7 

30 
24 

walk. 
Bit 

9  S2 

drink. 

8 

00 

food  aperture. 

9  34 

flit. 

count  pulse. 

10  00 

ooont  pulse. 

3 

38 

Bit 

10 

00 

count  pulse. 

10  18 

more    about,    lean 

3 

44 

move  about 

10 

08 

open  bed. 

on  Uble. 

3 

46 

pick  up  papers. 

10 

12 

lie. 

10  26 

Bit 

8 

48 

walk  about. 

11 

00 

rise,    undreBB,    uri- 

10 81 

read. 

8 

52 

Bit,  read. 

nate. 

11  00 

moYe  about. 

4 

00 

count  pulse. 

11 

02 

dose  curtain. 

Waixb  asd  Oztokh  Consuhbd  j 


)  Wat^Vapob 


The  data  showing  the  amounts  of  water  conemned,  the  determinatioiie  in 
the  orine  per  period  and  per  day,  the  oxygen  intake  and  output  of  carbon 
dioxide,  and  the  elimination  of  water-vapor  are  shown  in  tables  105  to  109 
inclusive.  The  methods  of  obtaining  the  data  have  previously  been  described. 


Table  lOB. — Retiori  of  water  consumed  ■ — MetMoJiim  experiment  No.  7^. 


Dete. 

7to9 

fltoll 

llk.m. 

ItoS 
p.m. 

)toB 

Total 
for  day. 

Orawu. 
973.1 
870.8 
886.7 

Orami. 
118. B 

155.1 
98.0 

91.1 

78. 8 

91.1 

46.8 
99. S 
906.4 

Orami. 
46.7 
834,8 

«03.8 
1092. S 
780.3 

■  Period  diirUi<  which  wKt«c  w 


e  IniUncea.     (Sea  pica  TS.) 


Dioiiizeab,  Google 
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D«teuid  period. 

Amoant. 

(W 

Speolflo 
iraxity. 

Volnme 

BcMtlon. 

«) 
Nltro- 

p;^ 

S 
&. 

Total 
at^^ 

Feb.  a-8?^ 
74.m.  to   1p.m.... 
1p.m.        7p.m.... 
7  p.m.      11p.m.... 
Up.m.        7».m.... 

■^.■4 
619.7 
lOS.l 
818.7 

l.OOTO 
1.008* 
1.0160 
1.0089 

'■4'74 
•17 
104 
814 

Acid 

Add 

Add 

Acid 

8.88 
1.49 

8. ST 

.898 
.100 
.341 

.898 

.176 
.867 

ISIS.O 
1618.9 

1.0088 

1509 
1B0» 

10.74 
10.  TO 

1.890 
1.881 

1 

090 
060 

Fob.  8-4  : 
T  •.!».  to    1  p.m.  . . . 
1  p.m.        7  p.m.  . . . 
7p.m.      11p.m.... 
11p.m.        7..m.... 

Acid 

Nontral.. 
Neutral.. 

Add 

Neotna.. 

734.1 
480.0 
81B.1 
4M.7 

1.0088 
1.0044 
l.OMl 
1.0058 

799 
458 
814 
498 

B.Tl 
8.89 
1.15 
8.00 

.816 
.884 

!899 

341 

847 
148 
848 

te»4.4 
1SIM.4 

1.0048 

1888 

1888 

8.85 
8.86 

iliis 

1 

07* 
010 

Fob.  4-B : 
7  turn,  to   1p.m.  ... 
1p.m.        7p.m.  ... 
Tp.m.      11p.m.  ... 
11p.m.        T>.m.  ... 

KentrU.. 

Acid 

Add 

Add 

Add 

4tl4.S 
464. « 
139.1 
490.  T 

1.0084 
1.0088 
1.0107 
1.0060 

498 
488 
187 
494 

l.TO 
1.98 
0.90 
8.0T 

.888 
.808 

890 
890 
170 
984 

lOOS.O 
1405.0 

1.0048 

1697 
1591 

e.T8 
6.77 

I'.iii 

840 
880 

ToUl  by  eompotito. 
Total,  S  da;i 

Add 

6018.3 

4993 

36.77 

forldaji. 

(a)  WelFbt                                            ".«. 

1894.4 
1880.17 

1806.0 
1579.48 

6018.8 
4981.09 

(6)   Water 

...do.... 

1486.94 

(e)   8oUdt,«-6 

...do.... 

89.94 

88.98 

90.69 

8.49 
39. 4T 

4.17 
94.06 

4.88 
80.  TO 

18.48 
74.88 

<<)   Organic  matter,  <r-<l 

...do.... 

(/)Hitrog«i 

...do.... 

10.74 

8.36 

8.78 

35.TT 

(J)   Carbon 

...do... 

T.80 

4.00 

6.40 

1ft)  Hydrogen  In  organic  matUr 

...do.... 

1.97 

1.69 

1.88 

(i)  Oxygen  (by  difference)  In  organic  mat- 

9.47 

8.98 

7.18 

84.88 

...do.... 

.678 

.480 

.498 

Pbosphorlc  add  (P.OJ: 

U)fiTtailon 

1.838 

.980 

l.Ul 

8.4S0 

1.881 
.414 
1.588 

1.148 
.611 
1.878 

1.141 
.489 
1.097 

8.470 
1.001 
8.008 

(«)  Snlpbnr  trioilde  (BO.) 

. . .do. . . . 

(o)  Total   creatinine 

1.00 

1. 01 

.84 

(p)nrieadd  

...do.... 

.829 

.887 

.407 

1.87* 

(r)  Sodlnm  cblorlde 

1.19 

1.17 

oaloriea. . 

88 

08 

01 

917 

D,oiize=b,  Google 
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Date  and  period. 

oVpi 

ohamber 
atsDd 
of  period. 

4iL 

water  of 
tloo.' 

Date  aDd  period. 

water  of 

"3,?- 

PMllmln^ 
P«b.  S:    6  a.m.  to  T  a.m. 
Feb.  2-8: 

7a.m.  to   9a.m.... 
0  a.m.       11a.m.... 
11a.m.         1p.m.... 
1p.m.        8p.m.... 
8p.m.          6p.m.... 
Sp.m.         7p.m.... 
7p.m.         »p.m.... 
9p.in.       11p.m.... 
11p.m.          1a.m.... 
1a.m.          Sa.m.... 

8  a.m.         Sa.m.... 
Sa.m.          7  a.m.... 

Total 

F.b.  8-i! 

Ta.m.  to  ea.m.... 

9  a.m.       na.m.... 
11a.m.         1p.m.,.. 

lp.m.        8  p.m.... 
8p.m-        6p.m.... 
Sp.m.         7p.m.... 

•^4 

Oniau. 

Fab.  8-4 : 

7p.m.  to   9p.m.... 
9p.m.       llp.m.... 
11p.m.         1a.m.... 

8  a.m.          6  a.m.... 
Ba.m.          Ta.m.... 

Total 

Feb.  4^: 

9a.m.  11a.m.... 
11a.m.         Ip.m. ... 

lp.m.          Bp.m.... 

8p.m.         5p.m.... 

6p.m.         7p.m.... 

7p.m.         ep.m.... 

9p.m.  11p.ni.... 
llp.m.          1a.m.... 

1a.m.          ea-m.... 

8a.m.          6a.m.... 

5a.m.  7a.m.... 
ToUl 

GrMM. 
96.8 
28.8 
24. S 
22.7 
98.0 
28.1 

49.8 

41.7 
41.7 
40.9 
48.2 

28.8 

se.s 

29.0 
29.8 
».8 

26.8 
ST.S 
2S.2 
23.8 
28.8 
24.1 
28.8 

49.9 
69.) 
SO. 6 
SB.O 
B1.3 
62.7 
40.8 
SI. 3 
89.7 
46.8 
89.8 
48.2 

....  I     627.8  1 

38.4 
95.8 
28.8 
96.7 
27.4 
27.8 
M.8 
94.B 
28.8 
24.2 
25.4 
92.8 

48.7 
45.8 
49.3 
44.9 
44.7 
49.4 
44.1 
48.2 
40.8 
41.8 
40.0 
89.4 

684. 9 

SS.O 
SS.7 
SO.B 
M.S 
88.7 

aT.i 

40.S 
48.4 
48. 8 
49.8 
46.4 
49.9 

S24.9 

artlclea  aa  toUowi :  Frti.  its,  14.BI 
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BlXHXHTB  AND  Hatkbials  Katabolized  dt  Bodt. 
The  usual  methods  vere  followed  in  obtaiDing  the  elements  and  materials 
katabolized  in  the  body.  The  data  are  given  in  tables  110  and  111.  As  in  the 
other  food  experiments  reported  in  this  publication  the  food  and  water 
consumption  are  treated  separately  from  the  katabolism.  The  importance  of 
this  conception  of  the  relation  of  food  to  katabolism  warrants  its  repetition. 
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.  Data, 

FwioiL 

CufMB  dkodd*. 

o„          1 

uJS.u 

T?^ 

*m^ib. 

jSt 

ebunbar 
Utodor 

K»^ 

<)h«Db«r 
Maidot 

—B^imtit 

, 

IMflod. 

byiahJMt 

P«iod. 

^^SSm. 

,K    ^ 

Fnliminwy: 

Onmt. 

ar^. 

LiUn. 

(Ti—i. 

\ 

Feb,  8 

hb.*-* 

6  ft.  m.  to    7  ft.  m.. 

7  ft.  m.  to    e  ft.  m.. 

20.9 

.... 

924.4 

28.4 

52.6 

917.4 

63.9 

«    •     f 

9ft.m.       llft.m.. 

30.2 

49.S 

919.8 

61.0 

■^  •  . 

11  a.  m.         1p.m.. 

31.3 

50.2 

906.6 

61.8 

1p.m.         3  p.m.. 

36.2 

55.0 

901.2 

66.8 

3  p.  m.         5  p.  m.. 

34.7 

61.6 

907.4 

44.4 

6  p.m.         7  p.m.. 

31,1 

45.6 

920.8 

44.4 

7  p.m.         9  p.m.. 

32.0 

49.3 

919.5 

61.2 

6  p.m.       11p.m.. 

29.1 

42.4 

024.1 

41.2 

11  p.  m.         1  a.  m. . 

24.1 

32.3 

933.0 

24.1 

1  a.  m.         3  a.  m. . 

23.9 

33.0 

934.8 

33.0 

3  ft.  m.         6  a.  m.. 

24.2 

32.4 

939.1 

30.7 

»«b.t-i 

6  ft.  m.        7  a.  m. . 
Total 

24.9 

34.4 

944.0 

30.7 

528.6 

612.2 

7  a.  m.  to    {>  a.  m.. 

35.7 

66.1 

936.0 

66.2 

9  a.  m.       11  a.m.. 

25. « 

44.8 

948.5 

44.6 

11a.m.         1p.m.. 

32.9 

49.0 

937.5 

43.1 

1  p.  m.         3  p.  m. . 

31.3 

51.0 

943.1 

49.6 

3  p.  m.         6  p.  m.. 

30.4 

48.9 

944.3 

48.1 

6  p.  m.         7  p.  m.. 

31.7 

47.5 

950.8 

42.6 

7  p.m.         9  p.m.. 

25.0 

41.7 

964.1 

37.6 

9  p.m.       11p.m.. 

26.0 

40.2 

968.1 

37.7 

11  p.  m.         1  a.  m.. 

21.4 

36.9 

968.9 

32.2 

1  ft.  m.         3  a.  m. . 

23.4 

33.4 

972.6 

36.0 

3  ft.  m.         S  B.  m. . 

22.0 

36.4 

976.7 

29.3 

r«b.«-B 

5  ft.  m.         7  a.  m. . 
Total 

23.8 

34.8 

980.1 

34.3 

629.7 

489.2 

7  ft.m.  to    9  a.m.. 

31.1 

56.0 

976.4 

64.4 

9  ft.  m.       11  ft,  m. . 

32.0 

44.6 

976.6 

40.7 

11  a.  m.         1  p.  m. . 

30.5 

47.0 

96S.5 

36,0 

1  p.  m,        3  p 

m.. 

36.5 

49.3 

061.9 

52.3 

3  p.  m.        6  p 

30.2 

45.6 

962.4 

47.4 

5  p.  m,         7  p 

m. . 

36.3 

51.7 

963,6 

44,4 

7  p.  m.        9  p 

m.. 

30.0 

42.6 

973.4 

41.4 

9  p.  m,       11  p 

m.. 

34.1 

44.0 

971,6 

43.6 

11  p,  m.         la 

m.. 

28.3 

39.7 

984.4 

29,7 

1  a,  m,        3ft 

m.. 

27.2 

32.7 

986.3 

37.6 

3  a.  m,        6  ft.  m.  . 

27.9 

38.9 

982.6 

37,0 

5  ft.  m.         7  a.  m.. 
Totftl 

28.9 

34.3 

985.3 

31.4 

627.2 

494,9 

Dioiiizeab,  Google 
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& 

CteUn. 

A 

M 

(fl 

AA. 

Firtt  dan,  Feb.  2, 190$. 

Tnoome:  Oxygen  from  air 

Outgo: 

512.15 

Onmt. 

Onmi. 

Awi, 

siTTs 

Onmt. 

1485. M 
32.96 
£84.88 
£28.55 

l6!74 

7!29 
144! 14 

160.28 
1.97 
66.45 

1319.66 

9.47 

619.43 

384.41 

i'.ia 

SolklB  in  urine 

2032.33 
2120.18 

10.74 

10.74 

161.43 
151.43 

233.70 
233.70 

2232.97 
1720.82 

3.49 
3.49 

LoM 

BMOnd  day,  Feb.  3,  1905. 
Inoome:  Oxygen  from  air 

«9.17 

489.17 

1860.17 
28.23 
627.61 
629.74 

k'.25 

144!46 

208.82 
1.62 
59.04 

1667.36 

8.23 

488.67 

386.28 

4!  17 

Waterof  reapiration> 

Total 

2651.75 
2462.58 

8.25 
8.26 

160.52 
160.52 

269.38 
269.38 

2519.43 
2030.20 

4.17 
4.17 

LoM 

Third  tfoif,  Feb.  J,  1905. 
Inoome:  Oxygen  from  air 

494.92 

494.92 

1579.48 
26.62 
624.88 
627.19 

e!78 

£!46 
143;76 

176.74 
1.28 
58.73 

1402.74 

7.18 

460.16 

383.40 

4!83 

.... 

Solidamurine 

2067.07 
2102.16 

6.78 
6.78 

149.26 
149.26 

236.76 
236.76 

2269.47 
1704.55 

4.82 
4.82 

LoM 

'  iDdodM  alM  water  of  pcnptraUon. 


Date. 

NltPO- 

(t) 
Carbon. 

(0) 

<d) 
Oiy- 

Vater. 

Protein. 

(0) 
Fat 

(1) 
Alh. 

F.b.?5 

F«h.  Jt-4 

OnMM. 
10.74 

8. as 

Or«M. 
IS1.48 
ISO. 03 

Oram. 
888.70 
309. 3S 

1780.83 
3080.30 

1887.18 
3909.81 

Oramt. 
04.44 
49.60 

113.48 

sra- 

87.88 

4.17 

a  b,  Google 
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OnmjT  aw  Hkat. 
The  total  heat  production  is  recorded  in  the  following  table,  together  with  tiie 
data  from  which  it  is  derived. 


DkM. 

Pwtod. 

HMt 

nwdta 

!6) 
HMt 

Sum  at 
heat 

tloiu.> 

Total 
(a+6+o). 

F.b.'K 

Feb.  H 

Feb.  4-5 

T«.iii.U 
9  k.m. 
11  •.m. 

Sp-m. 
5p.iii. 

7  p.m. 
»p.m. 

11  p.m. 
1  B-m. 

0  a.m. 
ToUl. 

1p.m. 

8  p.m. 
5  p.m. 
7  p.m. 

9  p.m. 
11  p.m. 

1  ».m. 
3  k.m. 

ToUl. 

7  k.ni.  to 

11  a.m. 
ip.m. 
Bp.m. 

7  p.m. 
9  a.m. 

11  p.m. 

8  Lm. 
Total. 

IIO.S 
114.1 
136.4 
1S7.8 
188.0 
138.8 
11S.B 
M.8 
78. « 
81.3 
60.4 

Onli. 

80.3 
81. « 
80.7 
8B.7 
31.0 
31.9 
80. 1 
81.1 
34.3 
87.9 
24.8 
SO. 8 

Oat*. 
+  8.4 
+  5.8 
+  14.0 
+  20.1 
-10.4 
+  0.8 

-  4.4 

-  7.9 

-  8.0 
+  10.9 

-  8.0 
+   8.6 

168.7 
169,7 
183.3 
167.9 
100.6 
148.0 
140.0 
88.0 
117.4 
108.6 
101.8 

1304.1 

8SS.0 

+  48.8 

1691.4 

148.1 
100.6 
109.7 
130.0 
112.8 
116.8 
138. 0 
84.0 
71.8 
«.7 
81.3 
71.3 

34.6 
80.8 
86.7 
30.1 
27.5 
80.2 
35.8 
25.6 
86.8 
35. 8 
24.4 
20.2 

+  18.5 

-  0.5 
+  19.8 
+  22.6 

-  0.8 

+  e.3 

-  8.8 
-10.8 
+  3.4 
+   8.1 

-  0.8 
+    8.0 

186.2 
180.3 
154.0 
178.8 
189.5 
168.7 
140.0 
100.6 
M.O 
100,1 
105.8 
106.4 

"Sm::::::::: 

1205.1 

»ie.7 

+  60.4 

1685.8 

158,8 
102.4 
116.3 
108.6 
101.7 
138. 8 
116.8 
lis. 6 
63.3 
89.8 
93.4 
78.6 

80.0 
88.0 
80.3 
87.8 
37.8 
80.4 
37.3 
86.7 
86.8 
25.7 
29.1 
84.9 

+   8.1 

+    8.1 
+  17,6 
+  81.8 

-  0.8 

-  J.O 

-  6.0 
-18.8 
+  11.8 
+   6.8 
+   1.0 
+    9.1 

189.4 
183.6 
168.9 
188.5 
138.  S 
167.7 
188.1 
138.5 
89.8 
101.3 
118.5 
100.3 

ipjH 

7p.m::::::::: 

ip.!:;:::::: 

1328.0 

824. S 

+  5S.1 

1006.5 
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In  table  113,  the  ^ergy  derived  from  the  oxidation  of  body  protein,  fat, 
and  carbohydratefl  during  the  time  of  this  experiment  is  aboTn.  On  the  Uat  S 
daya  the  comparison  with  the  heat  production  shows  large  discrepancies, 
approximating  4  per  cent  No  satisfactory  explanation  for  Bucb  discrepaDcies 
has  as  yet  appeared. 

RauTioifs  BM'wiM  OxxaxH  CoRStTMPTioii,  Casbok  Dntxnia  BuianATKnr,  un>  BMtx 
Pwmuurmv. 
The  oxygen  and  carbon  dioxide  tiiermal  qootidnte  and  the  respiratory 
quotients  obtained  in  this  experiment  are  shown  in  table  114. 


Ihtt«. 

(0) 

bS?£tS?Sl 
tbuoutpnt. 

rrom 

■SI' 

Total 

•^ 
^ 

•z: 

le) 
Net 

F.b.lB 

Feb.  8-4 

¥«b.  4-8 

ToUI,8dayi. 

Ar.  per  d.j-- 

sso 

08 
61 

312 
189 

1078 
1185 

■"ft* 

S88 
81 B 

OolM. 

1711 
1068 
1809 

15SS 
1607 

+   68 
+  69 

+  4.8 
+  8.9 

874 

agi 

817 
73 

867 
910 

8577 
1198 

799 

ate 

6088 
1878 

4888 
1698 

+  150 
-t-   BO 

ii'.i 

EFFECT  OF  IN0E8TI0H  OF  FOOD. 

Diet. — ^While  the  diet  of  the  snbg'ect  was  very  simple,  it  contained  in  addition 
to  the  two  articles  nsed  in  experiment  No.  73,  a  small  qnanti^  of  apple  and  a 
few  graham  crackers.  The  same  amount  of  each  article  of  food  was  consomed 
each  day.    The  use  of  modified  milk  was  continued  in  this  experiment. 

Feces. — At  8.16  a.  m.,  February  3,  there  were  passed  61.1  grams  of  fresh 
feces,  of  which  23  grams  were  separated  as  belonging  to  food  eaten  before  the 
fast  began.  The  remainder,  38.4  grams,  appeared  more  like  "  fasting  feces  " 
than  the  feces  found  in  any  other  experiment  following  a  period  of  fast  but  were 
not  sufficiently  colored  with  lampblack  to  warrant  their  acceptance  as  the  result 
of  fasting  metabolism."  When  partially  dried  these  feces  gave  10.1  grams 
of  air-dry  material.  SubaequenUy  two  other  portions,  on  Febmary  4  and  6, 
were  passed  which  obviously  belonged  to  the  food  period,  and  were  put  together 
to  form  one  sample,  amounting  to  67.9  grams.     It  was,  however,  considered 

"  For  turtlier  dlBcuasion  of  fasting  feces,  see  aectlon  en  Feces,  Fart  S. 
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Dtite  and  period. 


9*.m. 

11  a. 

lta.ni. 

I  p. 

lp.n.. 

Up. 

Bp.m. 

'P- 

7p.ni. 

»p. 

9  p.m. 

lip. 

11  p.m. 
l«.in. 

1  a. 
Ga. 

9p.m 


TotU.. 
F«b.  4-6: 


8  v'-m. 
6  p.m. 


9a.m 
11  Lm, 

9  p.m. 
lip. 


0  a-m. 
Total.. 


1091. 


Total 
heat 
produo- 


188. e 
1118.9 
169.0 
138. G 
167.8 
ISB.l 
138.6 
89.8 
101.8 
118.6 
100.3 
1B00.6 


tbennal 
quotient 

rido  b*a). 


dioxide 
ellnlna- 


Volnme  otTolum 

dloilde  \aivgtu 

ellml-        oon- 

nated       nimed 

;dxD.nu).(bxo.T). 
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■JTisable  to  make  complete  analyses  of  both  samples  of  feces  in  so  far  sa 
practicable,  and  tlie  more  essential  determinationa  were  fortimatel;  secured  on 
both  samples.  It  was  impoeaible  to  determine  fat  in  feces  owing  to  the  small 
amount  of  material.    After  it  had  been  discoTered  that  the  method  ordinarily 


lAbor 
torr 

ElndofmktertaL 

(a) 

WfctW 

(ft) 

(cr) 
Fat. 

(«) 

(« 

Nitio- 

can. 

(0} 

tloa 

asso 

SS97 
S8S8 

SB2V 
S8S8 
S88» 

P.ct. 
TV. 47 
8fl.lt 
87.87 

S.IO 
76.08 
07.61 

P.  rt. 
a.  98 
.16 
.« 
6.18 
V.M 
6.64 

P.tt. 

la.os 
lolsa 

18.33 
'8.66 

p.  et. 

4.86 
18.69 
11.87 

77.77 

!.5a 
ta.ea 

1 

et. 
66 

aa 

87 
OS 

6a 

1 

oe. 

48 

08 
08 

til 

4S 

6.70 
4.04 
44.40 
18.38 

17. oa 

ltd 
.00 
.70 

7.08 
1.91 

a. 67 

Oal*. 
1.478 
.640 
.439 
4.40a 
1.688 
a. 010 

OruigejDle* 

Onbun  erteken. 

lAwnmed.     Bee  Analjaes  ol  Feces,  Fart  S,  of  thU  report. 


X" 


(a)  Walgbt eraiB*, 

(6)  W»Ur 4«... 

It)  Protein do... 

{<l)F*t do... 

<i)  Carboli;dr«t«(.  .do. . . . 

iflAab do.... 

iff)  Nitrogen do 

(A)  Carbon do. .. . 

(1)  Hydrogen do 

(J)  Oxygen  <by  difference) 

Ik)  Beat    of   combustion 
calorie* 


srj.9o 

a74,95 
1.63 


(14 

aw 

9> 

91 

8 

81 

1 

91 

HI 

4f 

6 

UU 

106. SO 
74.07 
T.9a 


104.84 
3188 


>  Laborator;  noniber. 
for  determining  the  fat  in  feces  gives  results  that  are  too  low   (see 
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Percentage  eomposiHon  of  food  and  feces. — The  percentage  compoBitdon  and 
heat  of  combustion  per  gram  of  food  and  feces  are  given  in  table  IIS.  The 
amounts  of  food  and  feces  and  the  elements  and  nntritive  ingredients,  of  whidi 
tliey  consisted,  together  with  the  beat  of  combustion,  are  shown  in  table  116. 

Elements  and  materials  absorbed  from  food. — Prom  the  analyses  of  the  food 
and  fecee,  the  amounts  of  nitrogen,  carbon,  hydrogen,  oxygen,  and  ash  of  flie 
abeorbed  food  were  obtained.  Since  the  food  was  identical  on  all  3  days,  and 
since  the  total  amount  of  fecee  belonging  to  the  experiment  was  apportioned 
equally  among  the  different  days  of  the  experiment^  the  only  Tariations  in  the 
quantities  of  elements  absorbed  on  the  different  days  were  such  as  occurred 

Tabu  in.— Elements  absorbeS  from  fooa — MetoltoHsm  experiment  Ifo.  74- 


Sk 

<t>) 
NltnwsD. 

(0) 
Oubon. 

it) 

Aih. 

First  day,  Feb.  t,  1905. 
Food  lad  drink: 

Oram*. 

8S4.S0 
18Se.D4 
M8.80 

Or«tu. 
8.87 

Oramt. 
IB4.48 

Or«tu. 

8B.0O 
140.50 
«7.S1 

aram,». 

104.84 
1188.84 
888.78 

OnnM. 
9. 98 

3378.00 

e,8T 

184.48 

340.01 

1887.17 

».»8 

Feeee : 

10.54 
84.69 

.48 

5.SS 

.88 
8.79 

1.78 
23.10 

1.98 

ToUl 

85. 4S 

.48 

B.G8 

3.83 

38.88 

1.08 

2838.47 

8.B8 

178.87 

849.89 

1808.88 

7.94 

as  a  result  of  different  amounts  of  water  dnmk.  The  elements  abeorbed  on 
February  3  are  shown  in  table  117,  and  to  avoid  repetition,  the  amounts  of 
hydrogen  and  oxygen  absorbed  on  the  second  and  third  days  of  the  experiment 
are  given  in  a  note  following  the  table. 

As  has  been  explained  in  considering  previous  experiments,  the  qnantitiee 
of  absorbed  material  are  computed  in  terms  of  body  protein,  body  fat,  and 
glycogen,  by  means  of  the  formube  given  on  page  38.  The  results  show  that 
on  the  first  day  there  were  absorbed  35.70  grams  of  protein,  133.80  grams  of 
fat,  and  131.63  grams  of  carbohydrate.  Although  there  were  fluctuations  in 
the  quantity  of  water  consumed  on  the  two  subsequent  days,  the  quantities  of 
nitrogen,  carbon,  hydrogen  of  organic  matter,  and  oxygen  of  organic  matter 
were  constant  on  all  days,  and  the  same  amounts  of  materials  were  abeorbed 
^m  the  food  daily.  In  carrying  out  the  calculations  by  means  of  the  formula^ 
however,  slight  differences  are  obtained  in  the  amounts  of  fat  and  carbohy- 
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dratee  for  each  of  the  3  dajB,  but  the  differences  are  mostly  in  the  aecond 
decimal  place.  Theee  variations  may  be  noted  in  lines  d  and  g  ot  tmhle  131 
beyond. 

Amounts  of  ingredientB  of  food  abtorbed  and  correapondmg  amounii  of  body 
matorials. — ^A  compaiiBon  of  the  amonnts  of  food  protein,  fat,  and  carbo- 
hydrates determined  by  proximate  analyses  with  the  computed  amonnts  of  body 
protein,  fat,  and  carbohydrates  derived  from  tbe  elementary  analyses  is  shown 
in  table  118.  It  has  previously  been  stated  that  the  qaanttties  of  food  were 
the  same  each  day.  Since  the  feces  for  the  experiment  were  divided  equally 
among  the  3  days,  tbe  data  for  all  3  days  are  identical. 

Energy  of  material  absorbed  from  food. — The  nutrients  of  the  absorbed  food 
expressed  in  terms  of  body  materials,  yielded  for  each  day  the  following 


Tabu  IIS.— AmoujU*  of  inm^eMonU  of  food  absorbed  attd  hody  materiaU  Owived 
from  th«m— Jfetebolitm  experiment  No.  7i  (qwtntWei  per  day). 


Cwbob;drateB do... 

Atb do... 

EnerK7 caloriaa. 


8H.28 

147. »7 

187.89 

9.»a 

2I8S 


a.S4 
9.41 
8.81 
1.98 


as.  70 

188. SB 

181.18 

7.9* 


•  M  loiiom:  Feb.  2, 
l»80.oe  gt*xoa;  rtb.  8,  2849J4  sraiM,  aod  r«b.  i 

B  of  energy:    From  protein,  808  calories;  from  fat,  1377  calories;  and 
from  carbohydrates,  651  calories,  a  total  of  2030  calories. 

Changes  in  body-weight  compared  with  baiance  of  income  and  outgo. — ^The 
comparison  made  in  table  119  has  been  previously  explained  for  similar  tables. 
When  the  multiplicity  of  weighings  is  taken  into  consideratioii,  the  balance 
obtained  in  this  experiment  is  extremely  satisfactory. 


BAUJTOC  or  IlTTAKE  U*D  OOTFDT. 

In  order  to  determine  to  what  extent  the  food  supplied  the  necessary  material 
for  the  metabolic  activity  during  this  experiment,  the  balance  tables  120  and 
121  were  prei>ared.    There  was  an  increasing  gain  of  water  throughout  the 
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xt 

K- 

FBb. 

'IgS^' 

p^?SI^ 

Ibcodm: 

IttTO.BO 
BOB. SO 
613.16 

OroMt. 
1870.80 
1038.60 

4B9.1T 

730. ao 

494.93 

5mT!86 
3886.00 
1498.34 

lOToleo 

788.88 
408.76 

WOlJgBD 

Id)  Total  ta+S  +  c) 

3788.08 

8188.37 

8895.78 

8864.04 

3964.68 

Outgo: 

1438.10 
SB4.88 

1716.40 
61.40 
839.74 

887.81 

1808.00 
80.00 
537.19 

534.38 

4788.80 

91.40 

1586.48 

1887. S7 

1884.17 
80.47 
638.49 

646.7V 

Ih)  Water  of  rMplntlon  and  par- 

3M6.58 

2835.18 

9685,07 

8066.75 

3688.93 

(J)  Gain  of  body  maUrial  (d-l). . 

339.63 
381.00 

847.13 
848.00 

310.65 
800.00 

797.38 
778.00 

366.78 
367.67 

1  The  data  Id  tUa  line  aboold  not 

Id  other 

Vbit*.    Sm 

B... 

Outffo  from  the  body. 

Brtaooeofprofomed  water. 
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to-d). 

Water 

s. 

») 
Water  of 
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tloDMd 
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0UI«0.* 

(8) 

Gain  of 

r...»2r. 
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Fob.  6-6 

Total,  S  daja. . 

AT.parday.... 

Onuat. 
1488.9 
1909.8 
1600.8 

Orara*. 
884.9 
697.8 
894.9 

Oram*. 
9070.8 
348B.9 
3195.6 

Oramt. 
1887.1 
9383.4 
1088.9 

Oronu. 
1980.8 
3888.8 
3068.8 

Oraai*. 
88.3 
108.1 
197.4 

Oram. 
188.7 
184.6 
188.8 

4998. 8 
1665.8 

1687.4 
648.8 

B6S8.3 
3311.1 

6078.4 
3038.1 

8884. 1 
3191.4 

986.7 
08.8 

854.8 
184.9 

I  48.18  and  31.07  r 


a  third  dayi  Include  ai 
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Tabu  121.— Balance  of  Intolfee  and  ootput  of  nutrienU,  ath,  md  merfw— JfatoboIttM 

'.S- 

l^b. 

^'- 

•JK' 

tra:: 

Bodj  protein : 
(a)  Computed  tram   elemanU 

■biorbed  from  food. . .  .gmi. . 

S5.70 
«4.4( 

M.T« 

IBS. 80 
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1S1 .68 
>7.8> 
lOS.TO 

7.M 
S.4S 
4.46 

30M 
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SB. 70 
49.60 
18.80 

1S8.B8 
113.48 

+  21. 4B 

181.41 

87.88 
43.68 

7.M 
4.17 
8.77 

3088 

1S6S 
41B 

89.70 
40.88 
4.08 

1S8.B8 
134.38 

+  0.B7 

181.90 
79.98 
58.37 

7.94 
4.B9 
8.19 

ao«8 

1608 
400 

107.10 
164. «S 
47.83 

401.68 
875.04 

+  98.69 

894.48 
190.98 
908. SO 

98.83 
13.48 
11.84 

8904 

9100 
1104 

86.70 
61.6* 
16.S4 

188.89 
139.01 

+  8.84 

181.48 
88.84 
67.88 

7.94 
4.18 

8.7B 

8088 

1700 
868 

(e)  Loii  to  body  (a-M do... 

Body  fmt: 
(d)  Computed   from    alementi  Ab- 

iorbed  from  tood. gm*. . 

(«)  EiUbollsed do... 

tOQAln  <  +  )  or  loK  (-)  to  bodj 

Bod;  carbobjdraUi ; 

■orbed  from  food. ....  fnw . . 

(A)  KAUbollied. do. . . 

(1)  Q»in  to  bodj  (if-»>. do.,. 

(t)  Eliminated  In  orlne do... 

(0  OalD  to  bodjy-i) do... 

(m'Sfood  abeorbed  (detennlned) 

Buergj  ot  nrine calt. . 

(a)  Qaln  to  body  (m-n) do.. 
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Metabolism  Experiment  No.  75. 

Immediately  following  the  6-day  fast,  experiment  No.  73,  the  subject  had 
remained  in  the  respiration  chamber  for  3  days  wi&  food.  From  the  morning 
of  Febraary  6,  until  the  evaiing  of  March  3,  he  had  been  engaged  in  light 
occupation,  assisting  about  the  laboratory.  During  this  preliminary  period 
his  diet  had  consisted  in  large  part  of  vegetable  materials,  milk,  and  eggs. 

On  the  evening  of  March  8,  1905,  he  entered  the  respiration  chamber  and 
went  to  bed  at  11  p.  m.  At  1  a.  m.,  March  4,  the  preliminary  analyses  of  the 
respiratory  products  were  begun.  The  experiment  proper  commenced  at  7 
a.  m.,  March  i,  and  continued  7  days,  during  which  time  no  food  was  eaten. 
The  general  routine  was  similar  to  that  followed  in  previous  experiments  with 
this  subject. 

This  experiment  was  the  moat  Bucceesful  of  the  series  conducted  with  S.  A.  B. 
ThoQgh  he  made  a  large  number  of  notes  concerning  various  symptoms  of 
illness,  nevertheless  bis  verdict  at  the  end  of  each  day  (except  the  siztii), 
was  that  he  had  "  passed  a  comfortable  day." 

Notes  from  diary,  puiae  records,  and  records  of  body  movements. — The  notes 
from  the  diary  of  the  subject  which  embrace  practically  all  his  observations 
concerning  his  physical  and  mental  condition,  are  shown  below,  together  with 
the  poise  records  and  the  record  of  body  movements. 


Notet  from  diary. 


March  4,  190E: 

T'lS^B-m.  Passed  a  fairly  good  night, 
tboagh  I  awoke  a  few  times. 

9'10-  a.  m.  Defecated. 

VlS"  a.  m.  Commenced  wearing  rectal 
thermometer. 

2'30-  p.  m.  Feel  sleepy. 

S'lO"  p.  m.  Awoke  from  a  nap  lasting 
about  1  hour. 

4  p.  m.  Am  commencing  to  have  a  sonr 
taste  In  the  mouth;  tongue  coated 
thinly  with  a  white  fur. 

10p.m.  Have  a  slight  headache;  eyes 
feel  tired  and  I  am  very  sleepy. 
Passed  a  very  comfortable  day  ex- 
cept for  slight  pain  in  the  heart 


8*10"  a.  m.    Had  an  inclination  to  dete- 

8''20"a.m.  Feel  very  weak. 

S'IO»  a.  m.  Made  another  Inottectual  at- 
tempt to  defecate. 

10  p.  m.  Passed  a  comfortable  day. 
March  6,  l&OE: 

T'lS"  a.  m.  Slept  fairly  well,  though  not 
continuously.  Feel  weak  and  ex* 
tremely  neiroue.  Tongue  Is  swollen 
and  coated  with  a  white  fur;  sweet* 
Isb  taste  in  month.  Eyes  are  clear 
and  bright 

S'IO>-  a.  m.  Attempted  to  defecate,  but 
could  not.    Colon  Is  filled  with  feces 
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March  7,  1»05: 

7*20-  a.  m.  Slept  verr  *e!L  My  tonga* 
la  Bwollen  and  coated  wltb  a  browo- 
iBh-white  fur;  Bweet  taate  In  mouth. 
Eyes  are  clear  and  bright  Feel  a 
little  wmJc. 

7*30"  a.  m.  Rectal  thermometer  la  com- 
mencing to  Irritate  me. 

9M0*  a.  m.  Took  off  rectal  thermometer. 

12»10-p.  m.  Made  an  unaucceasCnl  at- 
tempt to  defecate. 

2>22"  p.  m.  Commenced  to  vear  rectal 
thermometer.  It  doea  not  feel  com- 
fortable. 

CGS"  p.m.  Took  off  rectal  thermometer. 
Tried  the  soap  enppoeltory,  but  It 
caused  conalderable  pain  and  I  waa 
compelled  to  remove  It.  Soreneaa  In 
rectum. 

10  p.  m.  Passed  a  comfortable  day.  reel 
a  little  weaker. 
March  8, 1M6: 

7*S0~  a.  m.  Slept  oontinnously  until  G*50~ 
a.  m.  Feel  a  little  veak  and  des- 
pondent. Tongue  swollen  and  tfalck- 
I7  coated;  eweet  taate  In  month. 
Byea  are  bright  and  clear;  face  does 
not  Btaow  any  signs  of  fasting. 

10  p.  m.  Passed  a  very  comfortable  day. 
At  times  I  felt  sleepy  and  managed 
to  get  a  few  naps. 


March  9,  1905: 

7*20-  a.  m-  Slept  very  welL  My  tongue 
is  swollen  and  coated  with  a  thick 
whlU  fur.  Byes  are  clear  and 
bright.  Feel  a  litUe  weak  as  usual, 
but  my  nerrea  are  stronger, 

8*10"  a.  m.  Made  an  unenccesstul  at- 
tempt to  defecate. 

8»40"  p.  m.  A  slight  bilious  headache  Is 
commencing  to  come  on;  my  eyes 
are  painful  and  blurred. 

B'SO"  p.  m.  Tongue  and  guma  aoroL 

ft^lO"  p.  m.  Hade  another  nnauccesatol 
attempt  to  defecate. 

S^IS"  p.  m.  Commenced  to  wear  rectal 
thermometer.    Feels  a)l  right. 

10  p.  m.  Felt  very  badly  all  day,  but  Im- 
proved In  the  evening,  and  feel  oon- 
slderably  stronger  now. 
March  10,  1906: 

7*20"  a.  m.  Did  not  sleep  oontinaonsly 
for  one-half  hour.  The  sore  guma 
and  swollen  tongue  made  that  an 
imposBlbillty;  tongue  Is  coated  with 
a  white  fur. 

1'26*'  p.  m.  Took  off  rectal  thermometer. 

10  p.  m.  Have  passed  a  very  good  day, 
except  for  Bwollen  tongue.  Feel  con- 
siderably stronger  than  at  any  other 
time.    Gould  do  aome  hard  work. 


PulM-nMe — BxpertiMnt  Xo,  76.'- 


Time. 

PuUe 
rate. 

Time. 

rate. 

Time. 

Polw 

Mar. 

4,    7»80-«.m.. 

08 

Mar.  6,12*00"ft.m.. 

56 

Mar.  8,    6*00- p.m.. 

64 

8  00    >.in.. 

66 

3  00   p.m.. 

S8 

e  00    p.m.. 

51 

10  00    a.m.. 

SO 

4  00   p.m. . 

68 

10  00   p.m.. 

48 

la  00    ■.m.. 

W 

«  00    p.m.. 

86 

Mar.  9,    7  SO    a.m.. 

54 

2  00   p.m.. 

»57 

8  00  p.m.. 

68 

8  00    a.m.. 

64 

4  00  p.m.. 

•sa 

10  00  p.m.. 

40 

10  00    am.. 

•SI 

0  00    p.m.. 

53 

Mar.  7,    7  SO    am.. 

SO 

12  00    am.. 

>6> 

8  00   p.m.. 

5S 

8  00    ».m.. 

61 

9  00   p.m.. 

48 

10  00    p.m.. 

10  00    am.. 

S3 

6  00    p.m.. 

44 

UST 

6.    7  80    Vm.. 

•83 

13  00   am.. 

68 

8  00    p.m. . 

45 

8  00    a.m.. 

68 

2  00   p.m.. 

66 

10  00   p.iD.. 

47 

10  00    ■.m.. 

«B 

4  00    p.m.. 

64 

Mar.  10,  7  80    a.m.. 

67 

13  00    a.m.. 

04 

0  07   p.m.. 

sa 

8  00    am.. 

66 

a  00   p.m.. 

St 

8  00  p.m. . 

68 

10  00    am.. 

54 

4  00  p.m.. 

67 

10  00   p.m.. 

4B 

13  00    am.. 

61 

e  00  p.m.. 

•61 

Mar.  8,    7  8a    am.. 

74 

2  10   p.m.. 

60 

B  00    p.m.. 

E4 

8  00    am. 

'68 

4  00    p.m.. 

59 

10  00  p.m.. 

>SS 

1                 10  00    am.. 

58 

8  00    p.m.. 

SO 

Mar 

0,    7  80    «.m.. 

70 

18  00    a.m. 

HS 

1                   8  06    p.m.. 

•44 

g  00    a.m.. 

«SS 

a  00   p.m.. 

66 

10  00    p.m.. 

48 

10  00    >m.. 

•5S 

i  00    p.m. 

64 
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Metabolism  Expxbiicbnt  No.  75. 


Movement*  of  tvbfect,  duraUon  7  dayt,  from  Mar.  4,  7  a.  m.,  (o  Mar.  11,  7  a 


Jfarch  4. 

A.K. 

,1  Bit,  rise,  open  cnr- 
'   tain,   nrlnKt«, 

weigh  self,  etc 
7  16  '  food  Kpertnre. 
7  2%    dreaa,  raise  table. 
7  24    comb     balr,     tele- 

pbone. 
7  26     rise,  lood  aperture, 

drinS. 
7  28    sit. 
7  SO     connt  pnlse. 
7  44     telephone. 
7  46     move  about,  sit. 
7  60     drink. 

7  63     food  aperture,  alt 

8  00     count  pnlae. 
8  06     telephone. 

8  08  read. 

8  IS  drink. 
&  00  drink. 

9  02  rise,  more  about. 
9  04  food  aperture. 

S  08  cloee  curtain. 

S  10  defecate. 

9  16  adjust     thermome- 
ter. 

9  20  open  curtain,  alt 

9  30  read. 

9  40  drink. 

9  43  rise,  food  aperture. 


8*48"  rise,  food  aperture. 


abont. 


3  60 

3  66 

4  00 
4  10 
4  28 

4  32 

G  00 

6  01 

6  04 
6  10 
6  20 

6   22 

5  00 

6  36 
6  40 


sit 
drink, 
write, 
count  pulse. 

rise,  food  aperture, 

sit 
read, 
drink, 
rise,  food  aperture, 


7»80» 

7  50 

8  00 
8  02 


Bit 

9  63  rise,  food  aperture. 

10  00  count  pnlse. 

10  15  drink. 

10  22  telepbone,  read. 

10  60  drink. 

11  04  rise,    mOT 

urinate. 

11  06  sit 

11  34  write. 

11  3B  drink. 

11  42  read. 

12  00  count  pulse. 

12»30*  drtak. 
1  02     teleptione,      rise, 

food  aperture. 
1  30     drink,  read. 

1  44    rise,  food  aperture. 

2  00     count  pulse. 
2  02     rise,    stretch    self. 

Bit 

2  04    read. 


8  14     awake,  stretch  self. 
3   16     asleep. 
8  44     awake. 


8  00 

8  18 

8  36 

9  34 
9  36 
9  68 

10  00 

10  10 

10  12 

10  14 

10  16 

10  20 


Bit 
read. 

move  about 
stand,  doctor  count 

pulse. 
sit,  read. 

count  pulse,  drink, 
change  position, 
drink. 

move  abont 
urinate,   telephone, 
move    about,    food 

aperture,  sit 
telephone, 
drink, 
rise,  food  aperture. 

Bit 

oonnt  pulse, 
change  position, 
drink, 
rise,  stand, 
rise,  telephone, 
sit,  telephone, 
count  pulsa 
rise,  move  abont 
telephone,  sit 
move    about,    food 

aperinre. 
open     bed,     make 

motions,  write. 

Bit 


7  12 
7  16 
7  20 


Varch  S. 

■  open  curtain,  rise. 

urinate,    fold    bed, 
telephone. 
I  weigh  self,  etc. 

food  aperture. 

dress. 

raise  table,  sit,  tel- 
ephone. 

drink. 

oomb     hair,     tele- 
phone. 

stand,  telephone. 


8  18 

8  20 

8  38 

9  02 
9  04 
9  06 
9  10 

9  12 

9  16 

9  20 

9  26 

9  32 

9  43 

9  44 

9  48 

10  00 

10  12 

10  14 

11  35 

11  60 

12  00 


12   12 

12  30 
1  02 

1  26 

2  00 
2  28 
1  66 
4  04 


4  24 

4  26 
6  16 
6  20 
6  22 


count  pulse. 

drink. 

count  pulse. 

remove  thermome- 
ter. 

food  aperturoL 

food  aperture. 

close  curtain,  at- 
tempt to  defecatOL 

open  curtain,  sit 

drink. 

head  on  table. 

food  aperture. 

move  about,  drink. 

food  aperture. 

close  curtain,  at- 
tempt to  defecate. 

open  curtain. 

■It 

adjust  thermome- 
ter. 

asleep. 

awake. 

drink. 

asleep. 

awake. 

count  pulse. 

rise,  food  aperture, 
sit 

drink. 

count  pulse. 

'  rise,  food  aperture, 

alt. 
read, 
drink, 
rise,  food  aperture, 

urinate,  sit,  read, 
drink, 
count  pulse, 
stop  reading, 
asleep, 
awake,  connt  pulse, 

asleep, 
awake,    rlee,    food 

werture. 
move  about,  drink. 

Bit 

rise,  food  aperture. 
sit,  read. 

drink. 

stand,  doctor  count 

pulse, 
sit  read, 
oonnt  pnlse. 
drink, 
telephone. 


Digitized  by  Google 


Infldbncb  or  Inanitioh  on  Mbtabolism. 


MovmnenU  of  tubfect. — ContlniMd. 


March  S  (Gont) 

A 

M. 

p 

If. 

w  Os- 

write. 

8 

34- 

telephone. 

6»B8- 

rlM,  stand,  bIL 

lo 

34 

more  about 

8 

36 

rise,  sit  (3  timM). 

7  04 

lijM,  food  aperturt. 

10 

8G 

drink. 

9 

00 

drink. 

urinate,  stand. 

10 

38 

Bit 

9 

06 

food  aperture. 

7  06 

moT«  abont,  sit 

10 

46 

read. 

9 

34 

rise,  urinate,  walk 

7   4S 

drink. 

11 

00 

more  about 

about  sit 

S  00 

count  pulse. 

11 

07 

food  aperture. 

9 

GG 

drink. 

8  10 

telephone. 

11 

OS 

work  at  food  aper- 

10 

00 

count  poise. 

8  S6 

rise,  lean  on  Uble. 

ture. 

10 

02 

rise,  food  wertore. 

8   28 

move  abont,  sit 

11 

26 

sit 

stand. 

8  GO 

rlM,  lean  on  table. 
sit. 

11 

48 

food    apertnre, 
move  abont 

10 

04 

lower    table,    open 
bed. 

9   OO 

drink. 

11 

SO 

drink. 

10 

08 

move  abont,   move 

»  M 

rise,  food  aperture. 

12 

00 

count  pnlse. 

paperB. 

telephone. 

P 

K. 

10 

10 

recline. 

9  45 

drink. 

12  02- 

open  bed.  lie. 

10 

30 

telephone. 

10  00 

count  pulse. 

13 

10 

food   aperture,   He, 

11 

02 

rise,  urinate. 

10  08 

rise,    lower    table. 

11 

04 

undress. 

open  bed,  sit 

1 

08 

awake,  move,  rise, 

11 

06 

close  curtain. 

10  18 

telephone. 

food  aperture. 

March  7. 

10  46 

lie. 

I 

08 

urinate,  fold  bed. 

11  04 

rise,    nrlnate,    nn- 

1 

14 

food  aperture,  tele- 

7*00- 

rise,  open  curtain. 

dress,  dees  cur- 
tain. 

1 

16 

phone, 
raise    table,    ar- 

7 

7 

04 

08 

urinate,  weigh  self, 
etc 

Uareh  «. 

range  books.  Bit 

7 

11 

food  aperture. 

drink. 

7 

14 

drees,  raise  Uble, 

7»00- 

rise,  open  cnrtaln. 

1 

66 

drink. 

Bit 

7  02 

nrinate,    fold    bed. 

3 

00 

count  poise. 

7 

16 

comb  hair. 

weigh  self,  etc. 

2 

02 

read. 

7 

26 

drink. 

7  14 

dress,  adjust  Uble. 

8 

00 

drink. 

7 

80 

count  pulse. 

7  IC 

food   aperture,   sit. 

S 

02 

more  about,  blood 

7 

84 

Ulephone. 

comb  hair. 

sample    taken, 

7 

36 

rise,  food  aperture. 

7  36 

drink. 

stand. 

sit 

7  80 
7  86 

count  pulse, 
read. 

a 

3 

10 
12 

sampling  finished, 
food  werture. 

8 
0 

10 
00 

drink, 
drink. 

8  00 

count  pnlse. 

i 

14 

Bit. 

9 

04 

move  about. 

8   OS 

drink. 

4 

00 

count  pulse. 

9 

06 

Bit,    blood    sample 

8  08 

more    abont.    food 

4 

06 

drink. 

taken. 

aperture. 

4 

GO 

drink. 

9 

14 

food  aperture. 

S  12 

remove   thermome- 

6 

03 

9 

16 

move  about 

ter. 

G 

10 

Btasd, 

9 

20 

sit  read. 

8   14 

attempt     to     defe- 
cate. 

6 
6 

2S 
28 

food  aperture, 
stand,  doctor  count 

9 

40 

ter. 

8  18 

Bit. 

pulse. 

9 

43 

food  aperture. 

8  4S 

drink. 

6 

34 

food  aperture. 

9 

44 

move  about. 

9  02 

rise,  food  aperture, 
more  about. 

G 
6 

36 

00 

read, 
count  pulse. 

9 
9 

46 
48 

drink, 
read. 

9  14 

move  about, 

6 

06 

drink. 

S 

GO 

rood  aperture. 

9  16 

stand,     blood 

S 

32 

rise,  lean  on  table. 

10 

00 

count  pulse. 

sample  taken. 

00 

drink. 

10 

06 

food  aperture. 

9  20 

move  about 

7 

OS 

rise,  food  aperture. 

10 

10 

food  aperture. 

9   >6 

stand. 

7 

04 

urinate,  sit,  read. 

10 

13 

urinate,  sU,  write. 

9  84 

sit 

7 

06 

telephone. 

10 

66 

drink. 

7 

26 

rise,  food  aperture. 

a  b,  Google 
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March  7  (oonL) 


12  IS  Bit,  writ*. 

12  BO  drink. 

1  08  more    ibont,    food 
aperture,  urluftte. 

1   Ofl  Bit,  write. 

1  08  Btand. 

1  16  food  ftperture. 

2  00  count  pulse. 
2  OB  drink. 

2  16  moTO  about 

2  18  write. 

2  28  adjuat     thenoome- 

ter. 

3  02  more  about 

3   04  urinate.  Bit  read. 

3  14  move  abont 

3  16  food  aperture. 

3   18  Bit  read. 

3  20  drink. 

4  00  count  pulse. 

4  05  food  aperture. 

4  10  more    about    nri- 


4  12 

5  08 
B  14 


B  24 
S  2S 

E  30 
S  34 

B   36 


5  42 
B  44 

B  4e 
G  46 


G  S4 
6  06 
6  07 
6  10 


Bit,  read. 

stand. 

move  about,  stand, 

doctor      count 

pulse, 
more  abont 
read, 
remove  coat 

Bit 

adjust  Bphygmoma- 

nometer. 
remove    apparatus, 

put  on  coat, 
stand. 

Bit. 

drink. 

food  aperture, 
remove   thermome- 
ter, 
move  abont 

Bit 

connt  pulse. 

food  aperture. 

read. 

telephone. 

rise,  tttnit  anarture. 


7»8S- 

7  36 
S  00 
S  04 

8  IS 


10  12 
10  20 

10  E2 

11  04 


rise,  urinate,  sit 

rlee,  food  aperture. 

count  pulse. 

rise,  stand. 

food  aperture,  sit 

telephone. 

drink. 

rise,  urinate. 

connt  pulse. 

rise,    move    about 
lower  (able. 

open  bed,  read,  lie. 

drink. 

asleep. 

rise,    urinate,    un- 
dress. 

close  curtain. 
March  8, 


\  weigh  self,  etc 


7  32 

drink,  count  putoe. 

7   34 

telephone. 

7  42 

food  aperture. 

7  BO 

write. 

7   BE 

drink. 

8  00 

count  pulse. 

8   04 

move  about 

8  06 

stand,     blood 

sample  taken. 

8  10 

drink. 

8   16 

move  about. 

8  20 

lean  on  table,  read. 

8    26 

food  aperture. 

8  46 
10  OO 
10  02 

10  06  Bit. 

10  12  asleep, 

10  B4  awake. 

10  E6  move  abou( 

11  04  asleep. 

II  16  food  apert^^ 

11   19  food  apep♦^*W■ 

11   24  asleep.         ^ 


12»  OS- 

stand,  sit 

IS  14 

food  aperture. 

IS  SS 

food  mwrtore. 

IS  E6 

drink. 

1  OS 

food  aperture,  uri- 

nate. 

S  00 

connt  pulse. 

2  06 

write. 

2  25 

drink. 

S  02 

move  abont 

8  06 

stand,     blood 

sample  taken. 

8  18 

stand. 

8   20 

food  aperture^ 

^v;i 


Bit 

drink. 

food  aperture. 

count  pulse. 

r«ad. 

drink. 

rise,  move  about 

stand,  doctor  connt 

pulse, 
sit 

move  about 
blood  pressure  test 

put  on  coat 

Bit 

food  aperture, 
count  pulse, 
drink, 
doze. 

food  aperture, 
riee,   urinate,   tele- 
phone, food  aper- 
ture, stt 
rise,  food  aperture, 
count  pulse, 
drink. 

telephone,  food  ap- 
erture, 
drink. 

count    pulse,    food 
aperture. 
L    rise,  move  about 
1    lower    table,    open 
bed. 


d  by  Google 
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JToMMmte  of  $*J>)ect. — OontlnaML 


A.X. 

■ 

6*16- 

telephone. 

9'14- 

ait  read. 

7*  03-  ilM.  OMD  cnrtAln, 

20 

count  pulse. 

10 

00 

oonnt  pulse. 

nrlnate. 

26 

food  aperture. 

04 

food  aperture. 

7  M 

telepbone,      welKh 

28 

stand,  doctor  oonnt 

06 

sit 

7  07/    self,  etc 

pulse. 

26 

drink.                                            1 

7  1« 

drMB.  nlM  table. 

30 

sit  write. 

02 

food    aperture,                     ' 

■It,    repftlr    tele- 

32 

coat  oir.  blood  pres- 

move about 

phone. 

!« 

sure  test 

04 

■it 

7  18 

food  aperture,  sit 

40 

moTe    abont    Bit 

82 

food  wertnre. 

7  20 

food    apertnre.    re- 

write. 

34 

drowsy. 

pair      telephone. 

46 

food  aperture. 

62 

asleep. 

oomb  hair. 

50 

read. 

00 

awake,  oonnt  pulse. 

7  SS 

drink. 

00 

count  pnlae. 

7  « 
7  SO 

food  aperture. 
oonnt  pnlse. 

14 
40 

asleep. 

awake,  drink,  read. 

12*02- 

read, 
drink. 

7   50 
7  54 

food  aperture, 
read. 

04 

food  aperture,  uri- 
nate. 

16 

8  00 

count  pulM, 

10 

stand,    read,    look 

66 

drink. 

8  10 

attempt     to     defe- 

around. 

OS 

move    about    food 

cate. 

14 

rise,  telephone,  sit 

aperture. 

8   16 

drink. 

85 

write. 

0« 

urinate. 

8  16 

move  about 

88 

telephone. 

08 

Btt 

8  22 

Bit 

46 

toed  avertur*. 

10 

remove  ttawmonm- 

9  00 

more  about,  drtnk. 

50 

drink. 

ter. 

»  04 

atand,   blood  sam- 

00 

count  pulae. 

26 

write. 

0  oe ;  pled. 

36 

drink. 

48 

food  aperture. 

0   11 

food  apertmu 

08 

rise,  close  curtain. 

63 

food  aperture. 

»  12 

read. 

attempt    to    defe- 

02 

write. 

B   32 

food  aperture. 

cate. 

08 

count  pulse. 

9   34 

move  about 

10 

more  about,  adjnst 

18 

food  aperture 

»  44 

read. 

thermometer. 

36 

drink. 

10  00 

count  pulH. 

la 

open  curtain. 

01 

stand,    blood    sam- 

10 04 

food  aperture. 

10 

00 

count  pulse,  write. 

04 

pled. 

10  OS 

write. 

10 

06 

drink. 

10 

Bit. 

10  4G 

drink. 

10 

06 

stand,  lower  table. 

16 

read. 

11  24 

food  aperture. 

open  bed,  recline. 

32 

rise,  move  about 

11   28 

read. 

read. 

00 

connt  pulse. 

12  00 

oonnt  pulse. 

04 

rise,    urinate,    un- 

10 

drink. 

P.M. 

dress. 

28 

telephone. 

ia»  02- 

U 

06 

close  curtain. 

4$ 

stop      telephoning. 

12  06 

read. 

March  10. 

read. 

12  80 

drink. 

A.  If 

04 

telephone. 

1   00 

rise,  urinate,  more 

1  rise,  open  curtain. 

06 

stand. 

about 

7»«a- 

V  urinate,  fold  bed, 

08 

sit 

1  04 

food  aperture. 

J    weigh  self.  etc. 

10 

stand,  doctor  count 

1   24 

food  aperture. 

14 

brush     hair,     tele- 

pnlB& 

S  00 

oount  pulse. 

pbone. 

^^  \  blood  nrMsure  teat 

2  02 

read. 

16 

food  aperture. 

14 

8  00 

drink. 

26 

drink. 

20 

put  on  coat 

8  02 

move  abont 

SO 

count  pulse,  write. 

22 

stand,  telephone. 

8  06 

stand,   blood   aam- 

S8 

comb  hair. 

26 

drink. 

pled. 

52 

food  aperture. 

26 

food  aperture. 

S  16 

sit  read. 

00 

count  pulse. 

28 

Bit  sUnd,  Bit 

8  86 

write. 

16 

drink. 

62 

r«ad. 

8  48 

asleep. 

80 

read. 

00 

oount  poise. 

6  00 

awake. 

05 

drink. 

10 

drink. 

6  02 

dose. 

06 

stand,   blood    sam- 

00 

urinate. 

5   IG 

drink. 

08 

pled,  move  about. 

08 

telephone. 

Dioiiizeab,  Google 
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MoveiMntt  of  tultject. — Continued. 


March  to  (cont) 


7   24 


7*12~  rise,  food  aperture, 
telephone,  Bit. 

rise,  telephone, 
move  ch&lr,  blood 
pressare  tMt,  Bit. 

rise,  more  aboat, 
telephone. 


T'  38"  Bit,  blood  preesnre 

teat 
7  46     rtoe,    move    chair, 

Btand,  read. 

7  48     food  apertore. 

8  05     count  pulse. 
8  12     telephone. 

»  00    drink. 


10*  OO"  count  pulse. 

10  10    drink,   rise,   lower 

table,   open   bed, 
recline,  read. 

11  DO    rise,   nndresa,  uri- 

nate. 
11  04     close  curtain. 


DrinJcing-water. — Table  133  lecordB  the  daily  consumption  of  water,  and  the 
amonnts  taken  in  different  3-hotir  periods.  In  this  experimeDt  the  subject 
measured  and  recorded  the  amount  of  water  drunk.  The  table  shows  that  on 
different  days,  there  is  no  uniformitj  in  the  amounts  of  water  drunk  in  any 
given  period.  The  amounts  consumed  were  less  than  in  tjie  previous  fasting 
experiment.    The  average  for  the  7  days  was  not  far  from  1800  grams  per  day. 


Tabu  ISS 

— Record  of  toatcr  contumea 

■— iferoftoliuft  experiment  Wo 

.  75. 

Date. 

7tofl 

ston 

11  a.  m. 

lto8 

StoS 

Bto7 

Ttofl 

•  toll 

Total 
4»j. 

a.ni. 

a-m. 

tolp.ro. 

p.m. 

p-m. 

P-m. 

P.m. 

p.m. 

ins. 

Orama. 

ffnuM. 

OnMu. 

OfWM. 

Omnt 

aranf. 

ef«M. 

Oram: 

Oram,. 

M«r.     4-5.... 

SOO.O 

818.6 

173.7 

300.0 

198.0' 

895.8 

838.8 

75.0 

1078.8 

H«r.     6-S. . . . 

375 

0 

S4S.0 

830.9 

176 

0 

150.0 

172.5 

ISO.O 

3S0.8 

17aB.» 

Mm.    8-7.... 

8M 

8 

800.0 

91.4 

0 

S90.7 

m.o 

898.1 

881.8 

311T.S 

M«T.     7-8. .. . 

876 

0 

SOS.l 

30S.0 

300 

0 

19S.0 

188.1 

300.0 

191.1 

1911.8 

Har.     8-0.... 

sso 

0 

US.  8 

S94.8 

17S 

0 

131.8 

138.9 

103.8 

169.6 

1581.6 

Mar.     9-10... 

800 

0 

380,9 

193.8 

300.0 

838.9 

350.0 

140.8 

1703.0 

liar.  10-11... 

800 

" 

817.8 

387.3 

150 

6 

150.0 

811.1 

135.0 

379.0 

1098.1 

■  Fcrlod  during  wblch  w 


«  InatancM.     (B««  pac*  78.) 


UaiifK. 

The  usual  method  of  collecting  the  urine  in  four  periods  was  followed.  In 
the  samples  obtained  each  period,  the  weight,  specific  gravity,  reaction, 
nitrogen,  phosphoric  acid  by  titration,  and  creatinine  were  determined.  The 
results  of  these  determinations  are  recorded  in  table  123.  The  specific  gravity 
was  invariably  low  and  the  reaction  acid.  The  agreement  between  the  deter- 
minations of  nitrogen,  phosphoric  acid,  and  creatinine,  in  the  different  periods, 
with  the  total  determined  on  the  daily  composite  was  in  all  cases  very  satis- 
factory. The  results  recorded  in,  column  g  of  the  table  indicate  the  amount 
of  preformed  creatinine  excreted  in  the  urine  and  do  not  include  the  preformed 
creatine  which  was  subsequently  determined  and  is  recorded  in  table  124, 
page  178. ' 

Weight,  composition,  and  keai  of  combmtion  of  vrine. — In  addition  to  the 
determinatione  made  on  the  samples  of  urine  collected  each  period,  a  much 
larger  number  of  determinations  were  made  on  the  composite  urine  for  each 
day.  From  the  percentages  thus  obtained  and  the  weight  of  urine,  the 
quantities  of  elements  and  compounds  excreted  have  been  computed  and 
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experimmt  So.  IB. 

D«te  mWI  pwlod. 

W) 
AmoDDt. 

Cb) 

apMiiflc 

Tolame 

(a+S). 

(« 

NItio- 

•tlnliie 

VKH. 

7  tm.  to  Ip-in.... 

*J,T, 

l.OOBO 

*«7 

Add 

"VW 

Kis- 

rjs- 

487.1 

1.0069 

464 

Acid 

8.80 

.894 

.880 

7  p.m.      11  p.m.... 

808.7 

1.0077 

307 

Aold 

1,0s 

.807 

.188 

11p.m.        7  •.».... 

431.5 

1.0080 

418 

Add 

8.81 

.468 

.870 

1S08.9 
1608.2 

l.OWO 

1490 
1490 

13,84 
18.30 

1.452 
1.400 

1.838 

1.813 

Total  bj  composite. 
Mar.  5-e: 

Acid 

7».in.  to  lp.in.... 

777.8 

1.0064 

774 

Add 

8.83 

.691 

.818 

Ip.m.        7p.m 

«as.3 

1.0097 

461 

Add 

8. SO 

.808 

.866 

138.0 

1.0164 

187 

Add 

1.67 

.870 

.144 

11p.m.        7k.m.... 

S18.8 

LOOTS 

609 

Add 

8.06 

.838 

.838 

18B6.7 
1888.7 

1.0077 

1871 
1871 

13.46 
18.40 

3.801 
3.245 

1.046 
1.061 

Totklbycompoiit*. 
Hu-.  »-7: 

Add 

T».m.  to  Ip.m.... 

508. a 

LOOM 

500 

Acid 

8.56 

.488 

.836 

810.7 

1.0040 

807 

Add 

8.78 

.086 

.898 

7  p.m.      11p.m.... 

S13.0 

1.0074 

811 

Add 

3.10 

.890 

.184 

11p.m.       7».m.... 

698.8 

Looei 

690 

Add 

8.04 

.880 

.881 

33SI.0 
3331.0 

l6087 

3908 
8808 

18.03 
18.97 

3.104 
8.091 

.878 
.950 

Hu.  7-S: 

Add 

7».m.  to  1p.m.... 

«OB.V 

1.0003 

606 

Add 

8.86 

.649 

.848 

831.7 

1.0047 

S18 

Add 

8.89 

.798 

.918 

7p.m.      11p.m.... 

184.8 

1.0189 

188 

Add 

1.08 

11p.m.        7».m.... 

884.9 

1.0100 

881 

Add 

8.30 

.680 

.314 

19e».8 
1999.8 

1.6670 

1986 
ltt80 

11.68 
11.68 

siiio 

.780 
.865 

TotKl  by  compOBlU. 

Acid 

7».m.  to  Ip.m.... 

814.9 

1.01*7 

810 

Aold 

8.10 

.540 

572.3 

1.0071 

568 

Add 

3.18 

.666 

.148 

177.9 

1.0134 

170 

Acid 

1.55 

.437 

11p.m.         7a.m.... 

ST3.S 

L0095 

869 

Add 

S.OO 

.550 

.837 

Total  bjcompodtft. 
M«r.  WO: 

1437. S 

1.0100 

1438 

Acid 

10.89 

3.387 

.718 

7*.m.  to  Ip.m.... 

468.1 

1.0104 

44B 

Add 

8.30 

.561 

.157 

466.1 

i.ooeo 

453 

Add 

2.83 

.678 

.168 

7  p.m.      llp.m 

3S0.6 

1.0085 

859 

Add 

1.73 

.897 

.091 

a  b,  Google 
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Tabu  in.—DeterminaHont  in  vrine  p«r  jMrioS  and  por  day— Continned 

IM«ud  period. 

(o) 
AmouDt 

Speolflo 
Bi»vitr. 

Co) 

Tolnme 
(a  +  fi). 

BeacUon. 

Nltio- 

»0I1. 

orated 

Ifar.  10-11: 
7«.m.  to  1p.m.... 
Ip-m.       7p.in.... 
7p.m.      Up.m.... 

llp.lti.          T,W,.... 

898.4 
008.9 
238.1 
«1.B 

1.0111 
1.0008 
1.0088 
1.0088 

880 
000 

aa? 

418 

Acid 

Acid 

Add 

Acid 

Oram: 
S.ftS 
a. 88 
1.08 
9.80 

.818 

loss 

.176 
.110 
.988 

10H.5 
lOM.O 

1,0080 

1684 
15S4 

10.18 
10.18 

l^QOS 

788 
789 

ToUlbjoompoilt*. 
Total,  tar7da7t... 

Acid 

■ 

recorded  in  table  134.  In  addition  to  the  elements  and  compounds  determined 
in  experiment  No.  73,  inorganic  and  ethereal  eulphur,  the  so-called  neutral 
solphor,  the  preformed  creatinine,  and  creatine  were  determined.  Unfor- 
tonately,  determinations  of  nric  acid  wen  impracticable.  Phosphoric  acid 
was  determined  both  by  fusion  and  titration  and  the  results  by  both  methods 
are  recorded.  The  phosphorus,  sulphur,  and  chlorine  are  expressed  as  phos- 
phoric acid,  sulphur  trioxide,  and  sodium  chloride,  respectively.  A.  few 
determinations  could  not  be  made  owing  to  the  quantities  or  condition  of  the 
samples. 

EuHi^ATioH  or  Wateb-Tapob. 

The  elimination  of  water-Tapor  was  measured  in  the  usual  manner.  The 
changes  in  weight  of  chair,  bedding,  and  other  articles  are  given  as  usual  in  a 
note  at  the  foot  of  table  135,  page  119.  Aside  from  a  slight  gain  in  weight  of 
these  articles  on  March  6,  there  was  a  continual  lose  in  weight  due  to  the  evapo- 
ration of  water  in  the  unusually  dry  atmosphere  inside  the  respiratimi  chamber. 
The  fignres  given  in  column  a  show  that  the  amount  of  moisture  in  the  cham- 
ber was  considerably  less  at  the  end  of  the  experiment  than  at  the  b^inning. 

The  total  water  of  respiration  and  perspiration  remained  practically  constant 
for  the  first  3  days  of  the  experiment.  On  the  next  2  days  there  was  a 
gradual  diminution.  The  lowest  elimination  was  on  the  sixth  day  and  this 
was  exceeded  by  only  1  gram  on  the  seventh. 

CuUmeoia  excretion  of  nitrogenous  material. — During  the  7  days  of  this 
experiment  and  the  3  days  of  the  food  experiment  following,  the  subject 
diminated  through  the  skin  a  total  of  0.637  gram  of  nitrogen,  a  daily  average 
of  0.064  gram. 
IS 
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(■}  Walght gruai. 

(6)  Wftter. do, . , 

(c)  SoUda,  0-6 do, . . 

(«  Aih do, . . 

(a)  Orgutic  m«tt«r,  e~S do... 

</)  Nitrogen do. . . 

ig)  Carbon do 

(Jt)  HjdTOgeti  In  orgMtlc  matter do. . . 

(I)  Ozjgen  (b;  dlflerence}  In  organic  mat- 
ter, >— ^+f+A) grama. 

{j)  Pboapborna .,do. .. 

Fboapborio  acid  (P,0,) : 

Ut)  Bj  fnalon grami.. 

(t)   B;  UtratioD do. , . 

(m)  Balpbnr do... 

Bnlpbar  triozldo  (SO,): 

(it)  Total gram. 

(o)  Inorganic  and  etbereal do... 

(p>  Nentral,  n-o do. . . 

iq)  Creatinine  (pretormed). do. . . 

(r)  Total  creallnloe do... 

W  Creatine*  (preformed),  r—q do... 

it)  Cblorloe do. . . 

(u)  Bodt  am  chloride do... 

It)  Heal  of  combnatlon ...calorlei. 


U08.> 
144B.5V 

88.61 
O.OS 

89. BS 

la.M 

8.1* 
i.M 


188S.7 

isse.B8 

45.81 
7.54 
SS.98 
11.45 
11.60 
i.88 

11.00 


3381. 0 

S1TB.S9 

40.81 

0.44 

88. 8T 

18.  oa 
11.11 

S.89 


IWV.S 

1953. 00 

40.80 


i.4oa 

9.415 
.789 


•-10. 


10-11. 


(a>  Weigbt grams. . 

(6)  Water. do 

(c)  Solids,  a-6 do 

(d)  Asb do 

<•)   Organic  matter,  c— if do.... 

(/}  Nitrogen do.... 

(f)  Carbon do.... 

Ih)  Hjdrogen  In  organic  matter do 

(II   Ox;gea  (bj  dltTerence)  In  orgiolc  mat- 
ter, •—(/+y+/i) grama.. 

(J)  Phoiplioras do. ... 

Fhospboric  acid  (P,Oj> : 

(1)  Bjr  fusion grama. 

(I)  BjtttraUon   do... 

(m)  SDlpbnr. do... 

Bnlpbnr  trloilde  (SOj): 

(n)  Total gram*. 

(o)  Inorganic  and  etbereal do. . . 

ip)  Neatral,  n — o. do-  • . 

iq)  Creatinine  (preformed) do.. . 

(rj  Total  creatinine do. . . 

(»)  Creatine'  (preformed),  r— 5 do, . . 

(0  Cblorine do.-. 

(u)  Sodlnm  cbloride do... 

(v)  Heat  of  eombnstlon calories. 


14S7.5 
1891.04 
40.80 
7.48 
S8.S8 
10.87 
18.05 
S.78 

18.18 


1084.4 
1580.70 
48.70 
5.85 
87.85 
10.74 
19.09 
8.60 

13. 4B 


3.071 
S.003 
.060 


1690,0 
1558.08 
4S.43 
0.87 
88.16 
10.18 
11.84 
8.71 

18.87 


18,878.1 
11,068.68 
800.59 
46.41 
36S.11 
81.08 
78.96 


14.870 
14,584 
i.71S 


6.881 
U.06S 
9.844 


>  Not  determined. 


*  In  terma  ol  creatinine. 
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Dat«  BDd  period. 


1  Lin.  to 

8B.m 

Skm. 

6».m 

B».m. 

7«.m 

M»r.4-5: 

T>.m.  1 

•   »«.m 

11  Lm 

llii.111. 

IP-m 

Ip-m. 

8p.m 

Sp.m 

5  p.m. 

'P.m 

7p.ai. 

»P-m 

flp.li.. 

llp.m 

11p.m. 

l».m 

lK.m. 

8».m 

S».iii. 

5..m 

Ht-m. 

T».m 

Hftr.  6-S : 

7».in.1 

<    Bft.m 

9k.m. 

ll».m 

ll>.iii. 

lp.m 

1p.m. 

Bp.m 

8  p.m. 

Sp.m 

'P-m 

7  p.m. 

flp.n. 

11  p.  m 

Up.  ID. 

1  «i.m. 

8«m 

3  a.m. 

Sm.m 

Ss-m. 

7«.m 

Mir.  «'7: 

Ta.m.  1 

>  nB.m 

Ok.m. 

llMH 

11..ID. 

Ip-m 

1p.m. 

Sp-m 

Sp.m. 

Bp.m 

6  p.m. 

TP-m 

7  p.m. 

"Rin 

11p.m. 

11  pm 

11  p.  m. 

l*.m 

Datokiid  period. 


periplM- 


7  a.m 

Mm.  7-6: 

7».m.  to    »i.m 

9  a.m. 

lla.m 

11  a.m. 

lp.m. 

8p.m 

Sp.m. 

6p.m 

Sp.m. 

7  p.m. 

ap-m 

flp.nl. 

IIP-B 

11  p.m. 

la.m 

1  a.m 

3«.m 

Sa.m. 

7a.m 

Har.  B-9: 



7a.m.  to   fla.m 

9  a.m. 

lla.m 

11  a.m. 

IPB 

1p.m. 

8p.m 

8  p.m. 

6p.m 

Bp.m. 

7p"n 

flP-m 

9  p.m. 

HP"" 

11  p.m. 

1  a.m. 

8  a.m. 

6a.m 

6  a.m. 

Mar.  9-10 

7  a.m.  t 

ea.m 

9  a.m. 

lla.m 

11  a.  m. 

Ip-m 

1  p.m. 

sp™ 

Bp.m. 

Bpm 

Bp.m. 

7p-m 

7  p.m. 

ap-n 

ep.m. 

"p.m 

lft.m 

1a.m. 

Sa.m 

Sa.m 

6  ».m. 

44.6 
679.8 
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Tasu  13Et. — Recori  of  toatvr  of  retpiratUm  and  ptfrtplnitlaw— Continued. 


Date  and  period. 

water  of 

Date  and  parlod. 

ofTapor 
ohamber 

If 

ICar.  lO-ll?** 

7a.m.  to    OB.m 

ea.m.       11  a.m 

lta.m.         1  p.m 

1p.m.         Sp.m 

Sp.m.        Sp.m 

»?■■"■        'P-n 

7  p.m.         »p.m 

Oram 

23 
33 

ai 

31 
33 
34 

Oram*. 
65.1 
44. S 

ssio 

Mar.  10-11?* 

0p.m.  toll  p.m 

11p.m.         la.Bi 

8a.m.         6a.m 

B>.m.        7a.m 

31.4 
19.9 
SI. 6 
90.7 

4S.4 
48. 4 
4T.1 
44.4 

643.9 

r  ctulr,  beddlDB,  and  mUecUaoMua 


EXiDciifATioiT  OF  Cabboi*  Dioudi  and  ABsoiFnon  or  OxiQEir. 
The  data  for  the  carbon  dioxide  and  oz}-gen  recorded  in  table  136  ehow  the 
usual  fiuctuations  in  the  residual  amounts  of  these  gases.  The  variatioDS  in 
the  elimination  of  carbon  dioxide  from  day  to  day  were  nearly  paralleled  by 
those  observed  in  the  absorption  of  oiygen,  Uie  largest  amounts  of  carbon 
dioxide  exhaled  and  oxygen  consumed  being  observed  on  the  first  3  days. 
After  the  third  day  there  vas  a  steady  diminution  until  constancy  was  reached 
on  the  last  Z  days.  On  the  last  day  about  95  grama  less  carbon  dioxide  were 
given  off  than  on  the  first  day,  and  about  70  grams  less  oxygen  were  consumed. 


Tabli  ISC- 

Data. 

Period. 

Carbon  dloxlda. 

Oxnmi.              1 

.JS!,,. 

tX'- 

Ami^,.. 

4S^ 

Z^^ 

S^% 

pniod. 

h?^^ 

V^ 

itoc 

*™.. 

Omu. 

nun. 

OrmM. 

19. 7 

39.4 

928.8 
922.8 

3617 

la.  m.  to  3a.m... 

3  a.m.        5a.m... 

919.6 

34.4 

Mar.4-fi 

5  a.m.       7  a.m... 
Total 

21.2 

46.4 

924.7 

35.1 

130.0 



105.2 

-           .      _ 

44.2 

Ua.m.        1p.m... 

24.4 

50.1 

927.4 

45.5 

1p.m.        Sp.m... 

21.6 

935.6 

39.9 

3p.m.        5p.m... 

22.7 

45.0 

930.7 

5  p.m.        7p.m... 

23.8 

49.3 

967.5 

42.7 

7  p.m.       Qp.  m. .. 

21.7 

9p.m.      11p.m... 

22.1 

60.2 

973.6 

11p.m.        1a.m... 

18.4 

39.5 

981.7 

30.6 

1a.m.        3  a.m... 

1A.5 

987.6 

34.7 

19. A 

Sa.m.        7  a.m... 

19.1 

42.6 

989.7 

41.1 

.... 

509.9 

S33.6 
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Tabi»  139.— Record  of  carion  HoxUUs  and  oxvifen-CaaOimta. 

DaM. 

Period. 

Carton  aioaifle. 

OiyBen. 

(a) 
AmouDtiD 

T?i> 

iJS,.«, 

l4tal 

ehamber 

eMS 

ohamber 

at  ead  of 

at  end  of 

period. 

byMbJeot. 

period. 

by  subjeat. 

19011. 

G™w. 

Onmt. 

Liter*. 

Oranu. 

Har.6-6 

7  a.m.  to   9a.m... 

2S.5 

59.2 

980.3 

67.7 

9  a.  m.      11  a.  m. . . 

23.3 

62.3 

986.7 

41.3 

lla-m.        1p.m... 

24.8 

48.8 

979.0 

44.3 

1p.m.        3p.m... 

22.2 

46.4 

971.4 

46.6 

3p.m.       Sp.m... 

21.1 

44,4 

969.0 

39.9 

6p.m.        7p.m... 

22.1 

48.3 

962.5 

44.6 

7p.m.       9p.m... 

20.6 

46.4 

966.2 

42.1 

Sp.m.      11p.m... 

20.8 

47.6 

962.6 

48.4 

11p.m.        1a.m... 

ia.4 

37.4 

969.3 

29.7 

la.ni.        3  a.m... 

15.9 

37.9 

967.1 

40.0 

3  a.  m.        5  a.  m. . . 

17.6 

39.4 

962.3 

62.7 

Har.S-7 

fia-m.        7a.m... 

Total 

7  a.  in.  to   9a.m... 

18.9 

42.5 

966.8 

37.0 

660.6 

634.3 

24.6 

65.2 

968.0 

69.9 

9  a.m.      11a.m... 

24.4 

64.8 

974.1 

61.5 

11a.m.        1p.m... 

25.9 

48.6 

976.5 

43.4 

1p.m.       3p.m... 

22.8 

60.2 

979.6 

48.7 

3  p.m.        Sp.m... 

25.5 

49.6 

982.8 

SO. 6 

£p.m.        7p.m... 

22.6 

48.6 

989.0 

49.6 

7p.m.       9p.m... 

23. S 

46.3 

094.0 

44.7 

9p.m.      11p.m... 

20.7 

45.2 

999.2 

43.2 

11p.m.        1a.m... 

17.6 

34.0 

999.6 

29.3 

16.8 

36.7 

998.9 

34.4 

3  a.  m.        5  a.  m. . . 

19.6 

38.5 

995.0 

39.9 

Mar.  7-8 

5  a.m.        7a.m... 

Total 

7  a.  m.  to  9  a-  m. . . 

18.1 

38.4 

993.8 

40.5 

.... 

545.1 

535.7 

25.8 

51.8 

992.0 

63.3 

9  a.m.      11a.m... 

24.8 

49.9 

977.5 

46.3 

11a.m.        1p.m... 

29.0 

51.9 

965.4 

49.5 

1p.m.       3p.m... 

23.2 

49.3 

960.8 

50.5 

3p.m.        Sp.m... 

25.5 

46.4 

962,0 

46. 4 

5  p.m.        7p.m... 

24.8 

54.0 

939,6 

61.8 

7  p.m.       9p.m... 

24.1 

44.1 

939,8 

36.1 

9p.m.      11p.m... 

19.9 

43.8 

926,4 

60.7 

11p.m.        1a.m... 

20.5 

36.8 

912.4 

33.6 

1a.m.        3a.m... 

15.6 

31.6 

902.9 

30,9 

3  a.  m.        S  «.  m. . . 

lft.2 

36.0 

898.9 

38,6 

Mar.  8-9 

5  a.m.        7  a.m... 

Total 

7  a.  m.  to   9  a.m... 

17.8 

38.6 

891.8 

33.1 

634.2 

519.6 

24.3 

62.8 

881.1 

55.1 

Qa.  m.      11a.m... 

21.6 

43.7 

882.7 

38.5 

]la.m.        1p.m... 

26.6 

46.8 

864.1 

49.6 

lp.ro.        3p.m... 

22.2 

46.9 

861,3 

43.2 

3p.m.        Sp.m... 

24.8 

46.1 

861.0 

44.7 

Sp.m.        7p,m. .. 

21.2 

44.5 

866.6 

39.9 

7p.m.        9p.m... 

22.7 

39.8 

868.8 

9p.m.      11p.m... 

19.2 

41,5 

869.8 

44.3 

llp.ra.        1a.m... 

20.5 

34.4 

879.4 

28,6 

li.m.         3a.m... 

16.2 

32,1 

887.6 

31.8 

16.3 

33.3 

895.6 

36.3 

5  a.  m.        7  a.  m. . . 
Total 

17.9 

36.  S 

89S.1 

40.0 

496.4 

^^■?b 

jglc 
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Tabix  12S.- 

Date. 

Farlod. 

Carbon  dkoM*. 

Oxn^i.             1 

i.i'.U,n 

tIZ. 

A»o^4.n 

J^t 

ohamber 

weight 

■t  and  of 

sxtSled 

at  end  of 

p«riod. 

bTWW«ot. 

pariod. 

bnnbjoot 

WB. 

Qrttmt. 

OTdMl. 

lAiert. 

0r*M. 

Mar.  9-10 

7».ro.to   9a.ni... 

23.1 

49.0 

894.4 

45.9 

9a 

m.      11  a.  m. . . 

21,5 

45.4 

884.6 

46.8 

11a 

m.        Ip.  m. .. 

22.4 

41.8 

886.3 

42.3 

Ip 

m.        3p.m... 

18.4 

41.3 

877.7 

38.0 

3p 

m.        Sp.m. .. 

22,2 

37.1 

870.9 

35.5 

6P 

m.        7  p.  m. . . 

19.6 

41.7 

862.6 

46.4 

7p 

m.       »p.in... 

24.0 

40. S 

853.3 

38.9 

9p 

m.      lip.  m. .. 

20.2 

44.6 

842.6 

42.0 

lip 

o.        1a.m... 

22.0 

33.2 

833.5 

34.1 

la 

m.        3  ft.  m. . . 

15.0 

32.0 

830.0 

28.0 

3a 

m.        6  a.  m. . . 

21.8 

33.9 

829.4 

33.3 

Mar.  10-11... 

&» 

m.        7  a.  m. . . 

17.3 

36.1 

831.2 

35.9 

Total 

7a  m.to  9a.m... 

477.4 

466-1 

29.0 

48.7 

818.4 

50.3 

9a 

m.      11  a.m... 

21,5 

42.5 

825.2 

44.6 

11a 

m.        1p.m... 

27.5 

39. fl 

826.2 

36.3 

Ip 

m.       3p.m... 

20,1 

44.8 

826.7 

42-3 

3p 

m.        Sp.m... 

28,6 

41.1 

821-fl 

39.2 

5p 

m.        7p.m... 

21.3 

44-5 

827.9 

46.1 

7P 

m.       9  p.  m. . . 

37,1 

43.2 

828-8 

40.0 

9p 

m.      11p.m..- 

20.fi 

37.9 

848.3 

39.3 

lip 

m.        1  a.  m. . . 

24.5 

32.2 

853.9 

30.6 

m.        3  a.  m. . . 

15.2 

30.4 

869.9 

30.6 

3a 

m.        5  a.m... 

23.7 

33.9 

871.7 

33.0 

5a 

m.        7  a.  m. . . 

1«.9 

36,8 

887.8 

36.2 

Total 

475.6 

466.4 

EiLEMENTS  AND  MATEBIAXS  KATABOUZED  IK   THE  BODT. 

The  elemeota  katabolized  in  the  body  are  given  in  table  127,  page  183.  In 
table  128,  page  184,  the  results  obtained  by  computing  the  amounts  of  body 
materials  corresponding  to  theee  elements  are  shown.  As  in  the  majority  of 
other  ezperimente  without  food,  the  Iobb  of  carbohydrates  was  greatest  on  the 
first  day,  though  much  smaller  than  that  usually  obserred  for  this  particular 
day.  Contrary  to  the  results  of  experiment  Ko.  73,  the  loss  in  glycogen  ia 
persistent,  continuing  through  the  whole  7  days  of  the  experiment 

Balance  of  water. — Table  129,  page  185,  shows  the  usual  data  r^arding 
intake  and  outgo  of  water. 
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Tabm  121.— ElemmU  kataboK^d  In 

body—Metdbolitm  experiment  Xo. 

7S. 

weight. 

"^ 

Cubon. 

no. 

Oxyisn. 

Ajh. 

First  Soy,  Xar.  i.  1905. 

Income:  Oxygen  from  air 

Outgo: 

Oram: 
533.62 

Ormu. 

<?>»*. 

Oramt. 

wTffi 

Oram: 

1469.59 
38.61 
650.11 
569.93 

I2I24 

8!i4 
156 lis 

164.45 
2.26 
72.76 

1305.14 

9.94 

577.36 

414.48 

h'.ia 

2728.24 
2194.62 

12.24 
12.24 

163.69 
163.59 

239.46 
239.46 

2306.92 
1773.30 

6.03 
6.03 

LOHB 

Becona  day.  Mar.  B,  1905. 

Income:  Oxygen  from  wr 

Outoo:      _ 

534.30 

634.30  '   ....  1 

1S39.S8 
45.82 
642.09 
650.63 

12!46 

li.'so 

156! 17 

205.88 
2.83 
71.85 

1634.00 
11.50 
570.24 
400.46 

Y.si 

Water  of  reroiratbn' 

3078.42 
2544.12 

12.45 
12.45 

161.67 
161.67 

7.64 
7.64 

Lo« 

280.56  !268i.96 

TMrd  day.  Mar.  6. 1905. 

Income:  Oxygen  from  air 

Out«: 

635.73 

635.73 

2175.69 
46.31 
657.84 
645.08 

]3!62 

liiii 

148! 66 

243.46 
2.89 
73.61 

1932.23 
11,85 
684.23 
396.42 

e!44 

Total      

3423.92 
12888.19 

13.02 
13.02 

169.77 
159.77 

319.96 
319.96 

2924.73 
2389.00 

6.44 
6.44 

htm 

Fourth  day.  Mar.  T.  1905. 
Outgo: 

519.64 

519.64 

1953.00 
46.80 
696.13 
534.24 

li.63 

12!26 
145! 71 

218.54 
2.80 
66.71 

1734.46 
12.37 
529.42 
368.63 

7:80 

Water  of  reepiration ' 

3130.17 
2610.63 

11.63 

11. re 

157.91 
157.91 

288.05 
288.06 

2664.78 
2145.24 

7.80 
7.80 

LOM 

Fifth  dan.  Mar.  8.  1905. 

Income:  Oiygen  from  air 

Outeo: 

491.04 

491.04 

1391.64 
45.86 
679.29 
496.38 

l6!87 

12!66 
135 ;39 

155.72 
2.73 
64.82 

1235.92 
12.13 
614.47 
360.99 

7!48 

Water  of  ren>iratioQ ' 

2513.17 
2022.13 

10.87 
10.87 

148.04 
148.04 

223.27 
223.27 

2123.51 
1632.47 

7.48 
7.48 

■Inclnda  alM  « 
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^. 

»E> 

(c) 
C4rboD. 

nfL. 

Omm. 

(f> 
Alb. 

Sisth  Oay,  Mar.  9.  1905. 

iDcome:  Oxygen  from  air 

Outgo: 

qrann. 
466.06 

Ortmu. 

Onmu. 

'*-'. 

tei 

Ormu. 

1580.70 
43.70 
641.90 
477.40 

l6'.74 

12!62 
136'2i 

176.88 
2.60 
60.64 

1403.82 
12.49 
481.26 
347. 19 

S!85 

Water  of  raapiration' 

Total 

2643.70 
2177.64 

10.74 
10.74 

142.23 
142.23 

240.12 

2244. 7S 

6. 86 
6.86 

Seventh  day.  Mar.  10. 1905. 
Income:  Oxygen  from  air 

466.38 

....   j  466.38 

1553.08 
43.42 
542  86 
476.65 

lolis 

li!34 
129!  TO 

173.79 
2.71 
60.74 

1379.29 
13.97 
482.11 
345.85 

b.27 

Waterof  reapiration' 

2614.90 
2148.52 

10.13 
10.13 

141.04 
141.04 

237.24   2221.22 
237.24    1764.84 

5.27 
5.27 

Lorn 

1  iDclodM  alao  water  ot  peraplratton. 

Tablc  128. — XlenaUt  and  material*  kotoAoIfeed  in  Amty— Jfetofrolint  «zp«riaiciil 

So.  75. 


Date. 

(a) 
Nitro- 

OurboD 

(a) 
Hrdit»- 

(d) 

Oiy- 

«eii. 

(«) 
Water. 

(f) 
Protein. 

(B) 
Pat. 

hrdratea 

(0 
Aah. 

M.r'.'V... 

Oramt. 
IS.  24 

Oram*. 

OnuKt. 
SS9.4A 

,»"»■» 

Onimt. 
I,SS4.97 

^S-K 

Oramt. 
188.40 

V'^ 

»ra- 

Mar.    S-0. . 

12.45 

m.ei 

380. B( 

3.081.  Ot 

3,303 

4f 

74.70 

147.45 

98.00 

7.64 

Uar.    *-7.. 

IS.  OS 

159.71 

819.  B( 

3,889.  OC 

4f 

78.13 

188.98 

5.89 

«.44 

Mar.     7-8. . 

11.88 

167.91 

388.01 

3,146.34 

2,804 

m 

89.78 

144.73 

SB. 17 

7.80 

Mar.    8-9.. 

10.87 

148. 0< 

S28.ai 

1,883.41 

1,707 

61: 

86.88 

144.78 

8. SO 

7.48 

Mar.    0-10. 

10.74 

148.31 

340. IS 

1,778.7{ 

1,96« 

»f 

84.44 

130.81 

91.87 

6.86 

Uar.  10-11. 
T'l.Tda,.. 

10.18 

141.04 

387.34 

1,764.84 

1,988 

30 

80.78 

183.88 

18.87 

6.97 

81.08 

1047. SB 

1838.88 

18,565.48 

14,914 

731488.48 

078.80 

167. « 

40.41 

CHaMflEs  Of  Bodt-Weighi:  CoifpaasD  with  Balahck  of  Ihooui  asd  Outoo. 

The  difficulties  previously  mentioned,  which  had  interfered  somewhat  in 
tiie  weighing  of  the  subject  and  articles  in  the  chamber,  were  largely  overcome 
by  experience.  This  experience  resulted  in  an  extremely  eattefactory  balance 
between  the  actual  losses  in  body-weight  and  the  differences  between  the 
income  and  outgo. 

In  considering  the  outgo,  46.40  grams  of  fresh  feces  passed  on  the  first 
day  of  the  experiment  but  belonging  to  the  food  eaten  before  the  experiment 
have  not  been  taken  into  consideration.  For  explanation  of  this  omission, 
Bee  page  120.  The  apparent  discrepancies  between  the  amounts  of  urine  as 
recorded  in  line  d  of  table  130  and  column  a  of  table  183  have  also  been 
explained  for  the  corresponding  table  of  experiment  No.  68,  page  66. 
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Comparing  the  losses  in  weight  obtained  b;  the  tvo  methods,  we  have 
for  the  first  time  what  may  be  said  to  be  a  satisfactory  agreement,  ttie  total 
discrepancy  for  the  1  days  being  less  than  %  grams.  It  is  forthermore  to  be 
noted  that  the  agreement  on  all  individual  days  is  very  satisfactory. 


Vo.  75. 

Dau. 

Outco  from  tlw  body. 

wattT. 

in) 

oxida- 
tion of 

(a) 
Vatei 
nrloe. 

and 
peiapfia- 

tlOD. 

Total 

(<t+W. 

(katabo- 

llwd) 
water  In 

Intake 

A. 

LOMOf 

fSTi 

ISSS.tt 
3176.7 
1968.0 

ism.o 

1580.7 
1658.1 

660.1 
842.1 
867.8 
SBfl.l 
BTtf.S 
641.9 
643.9 

STfTi 

Qranu. 
11936.0 
32919.5 
3848.fi 
3864.3 
1797. S 
1966.9 
1983.3 

1978.8 
1736.9 
3117.6 
1911.3 
1S81.6 
1708.0 
1698.1 

Oniffu. 
>-48.8 
US.fl 
638.9 
453.9 
816.9 
864.9 
939.1 

OranM. 
194.7 
189.6 
187.0 
184.9 
173.* 
165.7 
163. S 

3483 
S88S 
SMS 
1970 
3133 
3096 

0 

ToU1.7d.ji 

ATsnga  per  da; . . . 

11988.6 
1709.1 

4310. a 
801. S 

19178 
3310 

14914.7 
3130.7 

1815^4 

9308.9 
815.3 

1369.1 
179.9 

*  Oaln.     Water  of  feeca  not  ti 


I     Hai.4-«. 


Inconia : 

<a)  Water  i 

lb)  Oxjgan 

It)  Total  U  +  W 

Ontgo: 

(iD  Drinei 

(f)  Fecea" 

If)  Carbon  dioxide 

ig)  WatsT  of  reapIraUoD  and  per- 
•piratlon 

(A)  ToUl  (il+/+^) 

(1)  Loaa  of  bod;  material 

(J)  Loaa  of  body-weight 


Income : 

(a)  Water  conanmed 

(b)  Oxygen 

W  Total  (a  +6) 

Ontgo: 

<(n  Urine' 

(<)  Feeea* 

(/)  Carbon  dioxide 

(9)  Water  of  reaplratlon  and  per- 
aplratlon 

(A)  Total  (d  +f+g) 

(0  Loi*  of  bod;  material 

(J)  Loaa  of  body-weigbt 


Mar.  5.4.     I     llar.«-7. 


1738.00 
BS4.3D 
8868.30 


648.09 
9986.19 
739.92 
738.00 


S117.W 
58S.78 
S6B8.88 


667.84 
3344.99 
690.89 
685.00 


9908.40 
684! 94 


Har.V-10.  Mar.  10-11. 


1581.80 
491.04 
9079.64 

1449.90 

4h'.88 

579.99 
9596.67 
469.98 
450.00 


1708.00 
466.06 
9168. 0« 

1641.80 

477! 40 


1593.10 
468. S8 
8169. 4S 


643.86 
3648.70 
489.99 
497.00 


19,707.80 
3,546.67 
18,364.47 

19,081.00 

48.40 

3,649.91 

4,310.91 
19,940 .  43 
8,586.95 
8,884.00 


1815.40 
606.67 
3893.07 

1796.86 

6.91 

631.81 

601.48 
9848.63 
686.56 
S36.S9 


'The  data  In  tbla 
ezplanatioti,  p.  SI. 

*  Mot  tnclnded  In  the  total  ontco. 


ahoQid  not  be  contannded  with  urine  data   In  other  tableii     SM 
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Odtpdt  of  Heat. 

The  total  heat  prodacticm  for  this  experimeDt  is  recorded  in  table  131. 
The  total  heat  production  remained  nearly  constant  for  the  first  4  days.    On 
the  fifth  day  it  is  over  100  calories  less  than  on  any  preceding  day,  and  on 
the  last  2  days  it  was  practically  cooBtant  at  about  1560  calories. 
Table  131.- 


BMt 

uwdln 


Total 

piDdUO- 

(o+b+e). 


11  a.ni. 

lp.m. 

8  p. 

3p.in. 

6p.ni. 

7  p.m. 

8  p. 

9  p.m. 

Up. 

n  p-m. 

6  a.m. 

7  a. 

7  a.m.  to   Sa.m. . 
9  a.m.      II  a.m.. 

In.m.  Rnin 


88.  l 
54.3 


IVO.S 
176.1 
IBS. 9 
18B.1 
148.0 


1J0.7 
1S3.S 
IDS. A 


194.9 
IS3.4 
159. 5 
15S.8 


141.2 
ISA. 5 
IIO.S 
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11  a.m!! 


Total 

9ft.in.        lla.111.. 


lt.m'.'. 
8  ■.m.. 


lp.nl 

IP 
8p 

Sp.a 

6P 

7p 

9p 

ttp.ii 

Up.n= 

11 

lft.m 

8b 

+  s.g 

+  I3.S 
+  16.5 


-  5.0 

+  B.a 

-  8.S 
-21.9 
+  15.0 

+  fl.l 
+  9.8 
+  18.7 
+  37.5 


-  0.8 

-  2.8 
+   1.5 

+  11.8 

-le.o 

—80.7 
+  86.5 
-13.0 
+  12.1 
+  27.8 
+  19.3 


Total 
bemt 

DFOdUO- 

tlon 

io+6+e). 

OaloHat. 
185.1 
182.8 
171.6 
108.8 
1B3.0 
169.0 
K3.8 
188.4 
110.7 


159.1 
ISO.  9 
163.8 


100.0 
104.0 
134.8 
118.0 


140.4 
187.4 
181.7 
ISO.  8 
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Contlnned. 

Date. 

Period. 

H«at 

Hot 
naMlD 

water. 

Total 

(a+b+t). 

Kar   lO-n?". 

7a.ni.  to    Ba.m 

9a.m.        11  tum   

11a.m.        lp.m 

1p.m.         8p.m 

Sp.m.         Sp.m 

6p.m.        7p.m 

7p.m.        »p.m 

9p.m.      11p.m 

llp.ni.         la.m 

Ja-m.         8a.m 

8a.m.         S».m 

5a.m.        7a.m 

lu.e 
no. 7 

107.1 
106.8 
114.4 

iia.o 

108.0 
111.9 
68.1 
70.8 
70.7 
89.6 

38. 1 
36. S 
97.9 
SS.S 
96. e 
38.0 
»2.B 
27.9 
87.8 
86.S 
88.8 
SS.7 

-19.8 
+  14. B 

-  (.4 

+  T.a 

-  7.0 
+  18.7 

-  g.4 

-90.0 
+  18.8 

+  i.a 

+  17.8 
+   0.1 

Oatorit*. 
177.* 
168.1 
198.8 
141.6 
184.0 
160.7 
194.6 
119.1 
OB. 9 
97.0 
198.8 
118.8 

1316.0 

890.7 

+  88.0 

1687.7 

■Bee  pp.  42.49. 
Balaxci  or  Bx^T. 
Comparing  the  heat  production  vith  the  total  energy  of  the  maierial 
oxidized  in  the  body,  corrected  for  the  potential  energy  of  the  nrine,  gives  the 
energy  balance  irhich  is  shown  in  table  133.  The  agreemeot  between  the  heat 
production  and  the  computed  energy  is  on  the  vhole  reiy  doee,  especially 
when  the  small  qnantitiee  of  heat  measored  are  taken  into  consideration.  The 
Tariations  ar^  it  is  true,  from  +31  calories  to  — tl  calories,  but  the  average 
of  the  ?  days  shows  the  computed  beat  production  to  be  but  6  calories  leas 
than  the  measored,  a  discrepancy  of  — 0.4  per  cent. 


Boergy  derived  from  dlflereat  sonnx 

M. 

Enem'  from 

Date. 

(P) 
produo- 

KTester(+) 

Prom  body  protein. 

3^ 

From 

."SS- 

sen. 

Tot»l 

(«+cJ+«) 

BDergy 

Potj'n- 

'if.' 

Net 

(ft) 

{« 
Pro- 

Mar. '4^ 

Col*. 
415 

aatt. 
97 

81B 

aalt. 

1B08 

aou. 

273 

OiO: 
1798 

1785 

Tn 

?;-s- 

493 

180 

888 

1407 

97 

1790 

1788 

+  93 

+  1.8 

Mar.    0-7 

441 

188 

808 

1469 

38 

1785 

1797 

-18 

-0.7 

140 

248 

1881 

106 

1784 

1775 

-41 

-9.8 

Mar.    8-9 

888 

147 

231 

18B1 

84 

1030 

164S 

-18 

-0.8 

Mar.    9-10.... 

884 

148 

818 

1388 

91 

1647 

1558 

-  0 

-0.4 

Mar.  10-11.... 
Total,  7  daja. 

848 

139 

304 

1384 

78 

1548 

1588 

-38 

-1.4 

9747 

049 

17B8 

9380 

700 

11834 

11875 

-41 

At.  par  day.. 

398 

186 

857 

1884 

100 

1891 

1897 

-   6 

-0.4 
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Metabolish  Ezfebiuzmt  No.  75.  1S9 

RiLATiOBS  Bgrwtm  Oxtoin  Coiisuicpnoir,  Cabbon  Dioxide  BuMiMi.'noii,  akd  Heat 
PaoDvvnov. 

The  same  comtancy  in  the  various  relations  which  the  carbon  dioxide 
elimination,  oxygen  conanrnption,  and  heat  production  bear  toward  each 
other  in  earlier  experiments  is  found  here.  The  Ihermal  quotients  for  the 
different  periods  are  comparatively  regular  throughout  the  experiment.  Thia 
may  indicate  continued  improvement  in  the  experimental  technique.  Occa- 
sional anomalies  are  found  both  in  the  thermal  quotients  and  in  the  respiratory 
quotient  for  the  periods,  but  these  serve  only  to  illustrate  the  limitations  of  thia 
type  of  apparatus  and  the  difBculties  encountered  in  securing  satisfactory 
quotients  for  short  periods.  For  24-hour  periods  we  believe  the  quotients  to 
be  accurate  in  all  cases.  The  respiratory  quotients  were  highest  on  the 
first  and  second  days,  but  decreased  on  the  third  and  remained  practically 
constant  for  the  remainder  of  the  experiment.  The  respiratory  quotient,  as  in 
all  preriouB  experiments  without  food,  was  highest  on  the  first  day. 


Date. 

Period. 

Total 

tlOD. 

OzrceD 
mmed. 

(o) 

Oiy- 

tfe". 
msl 

Si 
2S 

dl 

CarboQ 

sir 

CarboD 
mal 

ar. 

{UOd 

(f) 
Volume 

or 
diotlde 

tss, 

A. 

Volume 
(ftx3.T). 

Be- 

1 

mJ"?.... 

M.r.  4-6  . . 

FreUmliiar?: 
1  ».n..  to  8  ..m 

8  m.m.      5  m.m 
Ba.m.      Ta.m 

ToUl 

Tk.m.  toSa.m 

9  t.m.     11  a.m. 
11  k.m.      1  p.m. 

1  p.ia.      8  p.m 
8  p.m.      Sp.m 

6  p.m.      7  p.m 

7  p.m.      (  p.m. 
Bp.m.     11  p.m. 

11  p.m.      1  ..m. 
1  a.m.       8  a.m. 

8  (.m.      »  a.m. 
6  ».m.      7  eum. 

ToUl 

'129.4 
ilOB.B 

84.4 
86.1 

30.8 
36.6 
88.8 

44.2 
40.4 

29.0 
B4.2 
43.6 

lAten. 
20.1 
38.6 
38,0 

Uter». 
B5.0 
34.1 
34.6 

0 

80 
98 
98 

'878.9 

I0S.9 

38.1 

180.0 

84.8 

08.3 

78.7 

i) 

90 

190.8 
176.1 
16S.9 
188,1 
148.0 
149.4 
149.4 
160.  S 
97.1 
110.7 
153. 5 
13B.8 

64. S 
44.3 
46.6 
89.9 

as.  9 

48.7 
46.8 
47.8 
80.4 
84.7 
89.6 
41,1 

38.7 
36.1 
37.4 
38,9 
46.3 
38,6 
80,7 
81.7 
81.5 
81.4 
»S,1 
80.1 

S3. 7 
56.0 
BO.  I 
46.8 
46.0 
49.8 
47,0 
60.2 
SO. 6 
SH.8 
43.6 
43. S 

88.9 
81.8 
80.2 
88,9 
80.4 
88,0 
81.6 
88.8 
40.7 
84.6 
37. 9 
81.8 

81.9 
38,6 
26,6 
88.9 
33.9 
36.1 
38.9 

36. 0 

30. 1 
19.6 
31.0 
81.7 

88.8 
80.9 
81.9 
37.9 
40.8 
SB.  9 
83.1 
88.4 
31.4 
34.8 
37.8 
38.8 

k) 

88 
93 
80 
8S 
49 
84 
76 
77 
9i 
80 
78 
76 

1764. » 

538.0 

80.3 

609.B 

83.8 

390.3 

878.6 

0 

78 
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W 

») 

<=) 

(-» 

(«) 

m 

(0) 

(M 

Data. 

Period. 

ToUl 

pioduo- 
tton. 

Ozy8«n 

COD- 

■uiood. 

aTr. 

(lOOb 

CarboD 

CarbOD 
Oiax- 

mal" 

(lOU 

OJWl). 

Volume 
oiyffBH 

(bxO.7). 

Re- 

pl* 
tory 

tlSSi 

mJ*1«.. 

T  Lin.  to  9  m.ta. 

OaU. 
104.9 

"?»-?■ 

34.7 

"s-s- 

30.4 

"«■ 

LUen. 
47.4 

.84 

9  t.m.     11  > 

182 

41 

32 

63 

38.7 

2S 

7 

28.9 

.93 

11a.m.       Ip 

m. 

159 

44 

37 

48 

80.6 

34 

81.0 

.80 

1  p.m.       8  p 

IBS 

49 

ao 

48 

SO. 4 

33 

sa.9 

.73 

8  p.m.      9p 

HO 

89 

38 

44 

31.7 

22 

37.9 

.31 

6  p.m.      7p 

184 

37 

48 

39.4 

24 

81.2 

.79 

7  p.m.      9p 

141 

♦a 

39 

49 

39.8 

38 

89.6 

.80 

9p.m.     Up 

m. 

138 

48 

35 

47 

31.9 

Si 

S3. 9 

.79 

11p.m.       la 

m. 

118 

29 

25 

37 

33. S 

19 

30.8 

.01 

1  a.m.      3  a.m. 

184 

40 

29 

87 

98.2 

19 

28.0 

.69 

S  a.m.       6  a.m. 

118 

62 

46 

89 

84.8 

SO 

86.9 

.66 

lUr.  e-7 . . 

Ba.iii.      Ta-m. 

1S2 

37 

37 

43 

33.0 

31 

36.9 

.88 

Total... 
7  a.m.  to  9  a 

1788 

534 

~^ 

660 

31.1 

380 

874.0 

.76 

1B8 

0 

69 

T 

'TT 

g 

6S 

2 

29.8 

38 

7^ 

41.9 

.97 

B  a.m.     11  a 

187 

61 

27 

54 

39.2 

27 

3B.1 

.77 

11a.m.      Ip 

14T 

4S 

39 

48 

83.0 

24 

80.4 

.81 

1p.m.      8p 

177 

48 

37 

50 

38.8 

35 

84,1 

.76 

8  p.m.      5p 

197 

60 

SO 

49 

29.6 

35 

85.4 

.71 

5  p.m.       7p 

180 

39 

18 

39.3 

S4 

84.7 

.71 

7  p.m.      9p 

149 

44 

80 

49 

31.1 

28 

31.8 

.76 

9  p.m.     Up 

188 

48 

81 

46 

83.7 

33 

80.8 

.79 

11  p.m.       1  a.m. 

89 

39 

83 

84 

87.9 

17 

20.6 

.84 

1  ».m.      8  a.m. 

IS* 

34 

37 

86 

28.7 

18 

S4.1 

.75 

8  a.m.       B  a.m. 

138 

39 

28 

88 

37.9 

19 

37.8 

.70 

Mm-.  7-8  . . 

0  a.m.      7  a.m. 
ToUl 

isa 

40 
S8S 

f 

93  1 
39.8 

88 

81.3 
30.8 

19 
377 

88.3 

.89 

1798 

545 

375.0 

.74 

7  a.m.  to  9  a.m. 

185 

"^ 

53 

Y 

28  8 

~61 

T 

88.0 

39 

37.8 

.71 

9  a.m.     11  a.m. 

162 

46 

3 

28 

49 

30.7 

25 

S3 .4 

.79 

11  a.m.      1  p.m. 

171 

49 

38 

80. S 

26 

84.6 

.76 

1  p.m.      8  p 

m. 

193 

60 

81 

49 

80.4 

36 

35.8 

.71 

8  p.m.      5p 

163 

4S 

29 

46 

80.4 

38 

SI. 8 

.74 

5p.in.      7p 

m. 

IBO 

61 

80 

64 

83.0 

37 

89.8 

.7B 

7  p.m.      9  p 

m. 

143 

SB 

38 

44 

31.0 

39 

35.8 

.89 

9  p.m.     Up 

188 

60 

89 

48 

81.7 

33 

85.5 

.63 

Ilp.m.       1a.m. 

110 

88 

80 

89 

33  .S 

18 

28.4 

.80 

1a.m.      8a.iii. 

110 

SO 

38 

81 

38.7 

16 

31.7 

.74 

8  a.m.       5  a.m. 

141 

38 

37 

89 

35.4 

18 

36. 9 

.08 

S  a.m.       7  a.m. 
ToUl 

139 

88 

39 

38 

29.9 

19 

23.2 

.85 

1776 

619 

29 

8 

684 

30.1 

372 

0~ 

S63.7 

.76 
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Table  133. — Oxtigm  aiiA  c 


(o( 

{*) 

(0) 

(d) 

<» 

(/) 

iai 

(M 

Date. 

Period. 

"ST' 

Bumed. 

S 

*ai. 

Dated. 

CarbOD 

Idci 
thei^ 
mal 

s 

+  0). 

Volume 

'M. 

Volume 

R«- 

Hu.  8-0  . . 

T».m.to  Slih. 

Oat*. 

188.4 

Ortm*. 
65.1 

U9 

53.8 

88.6 

Ti 

Litert. 
88.0 

0.70 

IfiO.l 

88.6 

24 

48.7 

37.4 

83.3 

36. B 

166.8 

40.6 

81 

46.8 

80.0 

38.8 

84.7 

.00 

16a.  S 

48.3 

!W 

45.9 

80.1 

38.4 

SO. 8 

.77 

8  p.m.       ftp.m. 

i4fi.e 

44.7 

80 

46.1 

80.9 

98. S 

81.8 

,78 

Sp.ni.       Tp.in. 

168.8 

30.0 

36 

44.6 

38.6 

83. 8 

88.0 

.81 

186  .S 

80.0 

m 

80.8 

30.6 

30.8 

9T.8 

9p.ia.     11  p.m. 

laa.a 

44.8 

86 

41.6 

89. B 

81.1 

81.0 

.68 

11  p.m.       1  ikm. 

100.0 

88. S 

as 

84.4 

84.4 

17.6 

30.0 

.88 

llm.       8..n.. 

104.0 

81.8 

HO 

sa.i 

30.0 

16.1 

88.8 

.74 

8  a.m.       S  ■.m. 

184.8 

86.3 

37 

88.3 

84.8 

17,0 

36.4 

.67 

M»r.  »-10. 

S  k.D.       7  >.m. 

Totia 

7  cm.  to  fl  cm. 

117.0 

40.0 

88 

86.5 

31.0 

18.6 

38.0 

.60 

1640.0 

401.0 

39 

8 

496.4 

30.1 

858.7 

348.7 

0.74 

161.1 

46.0 

an 

liJ.O 

31   0 

35.4 

33.1 

0.7S 

9  cm.     11  cm. 

183.7 

4S.e 

2H 

45.4 

37.9 

98.1 

83.8 

.71 

11  a.m.      1  p.m. 

140.4 

43.8 

HO 

41.8 

39.8 

ai.8 

89.6 

.73 

1p.m.      8p.m 

187.4 

38.0 

87 

41.3 

80.0 

31.0 

30.6 

,79 

181.7 

8S.6 

89 

87,1 

80.5 

18.0 

34. e 

.78 

6  p.m!      7p.«, 

160.8 

46.4 

8(1 

41,7 

37.6 

31.3 

81.8 

.67 

7  p.m.      9p.m 

130.0 

88.0 

88 

40.6 

88.8 

30.0 

37.3 

78 

0  p.m.     11  p.m 

190.9 

48.0 

84 

44. S 

8fl.fi 

82.6 

89,4 

.77 

np.m.       icm 

104. B 

84.1 

82 

33.8 

31.0 

10. 0 

33.3 

.71 

86.0 

88.0 

89 

88.0 

87.7 

16.3 

8  cm.      5  cm 

139.6 

88.8 

83.0 

37.7 

17.8 

88.8 

.74 

Ifar.  10-11 

8  cm.      7  cm 

ToUl 

7  cm.  to  »  cm 

186.9 

86.0 

88 

30,1 

38.7 

18.4 

36.1 

.78 

iB6a.e 

466.1 

30 

477.4 

30.7 

248.0 

836.8 

|0.75 

177.4 

GO.S 

88 

4B.T  !  87.5 

84.8 

SB. 3 

9.70 

9  cm.     11  cm 

168.1 

44.6 

BX 

43.5  1  36.0 

31,0 

81.3 

.09 

11cm.       lp.m 

1118.6 

85.8 

37 

89. 6  1  80,8 

80.9 

34.7 

,83 

1p.m.      8p.m 

141.6 

48.8 

im 

44.8 

81,fl 

22.8 

39.6 

.77 

8  p.m.       Bp.m 

184.0 

80.8 

av 

41.1 

80.7 

30.9 

37.4 

.76 

6  p.m.       7p.m 

ISO. 7 

46.1 

2(1 

44.5 

89.6 

33.7 

81, « 

.73 

134.6 

40.0 

Hii 

48.3 

84.7 

88.0 

38.0 

.19 

9  p.m.     llp.m 

119.1 

89.8 

811 

87,0 

81. S 

19.8 

97.  B 

.70 

11p.m.      1cm 

9fl.S 

30,0 

SI 

33,3 

33.5 

IB. 4 

31.4 

.77 

icm.       3  cm 

07.0 

80.6 

81 

80.4 

81.8 

18.4 

21.4 

.72 

8  cm.       Scm 

123.8 

83.0 

V.t 

88.9 

37.7 

17.8 

83.1 

.75 

B  cm.       7  cm 
ToUl 

1S67.7 

86.3 
466.4 

80 
89 

8 

36.8 

81.1 

18.7 

35.4 

.74 

0.74 

476.0 

80.8 

842.1 

826.6 
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Metabolism  Experiment  No.  76. 

Thia  experiment,  wbidi  lasted  3  days,  folloved  metabolum  experiment  Ifo. 
76.  The  Btatistical  data  given  in  the  following  tables  show  both  the  actnal 
katabolism  daring  this  experiment  and  the  relation  of  the  food  to  the  total 
metabolism. 

Notes  from  diary,  puhe  recordt,  and  reeorda  of  body  movementa. — ^The 
notes  made  by  the  subject  concerning  his  physical  and  mental  condition  are 
given  below.  In  addition  a  few  obBerratioDS  are  recorded  which  were  obtained 
daring  the  time  of  the  experiment  by  questtoning  the  subject.  Following  these 
obseirations  the  records  of  pulse  and  body  movements  are  given. 
Nota  tro»  diary. 


March  IL  1906: 

7'3(H°  a.  m.  Slept  betUr  than  dnrlng  pre- 
Tlona  night,  bnt  was  In  pain  again. 
Tongne  ellU  ewollen  and  coated; 
gums  and  teeth  are  very  palntnl. 

T'SE^a.  m.  Drank  flnt  portion  of  or> 
ange  Jnlce. 

9*45'  a.  m.  Ate  my  first  portira  of  food. 

IZ'SO'p.  m.  Flnlabed  second  portlcn  of 
food. 

7^36~  p.  m.  Finished  mj  last  portion  of 
food.  Milk  seeniB  to  be  too  sweet 
and  portfoDB  of  food  were  given  too 
close  together.  Should  be  from  3H 
to  4  hours  apart. 

g^lS"  p.  m.  Made  an  onsucceesfnl  at- 
tempt to  defecate. 

9'30~  p.  m.  Commenced  to  wear  rectal 
thermometer.    Feels  comfortable. 

10  p.  m.  Passed  a  fairly  comfortable  day 
bnt  not  as  good  as  festerday. 
Tongue  swelling  la  gradually  dlmln- 
tshlng  bnt  gums  and  teeth  are  still 
sore. 
March  12,  190G: 

7*20"  a.  m.  Passed  a  fairly  comfortable 
night.  Tongue  Is  still  swollen  and 
coated;  bitter  taste  In  mouth.  Byes 
clear  and  bright;  do  not  feel  weak 
or 


9*45-  a.  m.  Flnlahed  my  first  allotment 
of  food;  tastfld  good. 

10  a.  m.  Have  been  very  quiet 

I'lS"  p.  m.  Drank  second  portion  of  or- 
ange juice. 

2^30" p.m.  Finished  second  portion  of 
food. 

7*36- p.m.  Finished  third  portion  of 
food. 

9  p.  m.   Finished  third  portion  of  orange 

10  p.  m.     Passed    the    day    surprisingly 

well.    Tongue  still  swollen  and  end 
feels  raw;  teeth  and  gums  bstter. 
March  13,  1905: 

7*20-  a.  m.  Oood  sleep.  Tongue  swollen 
and  coated;  eyes  clear  and  bright. 
Nostrils  feel  dry  and  sore. 

8*10'*  a.  m.  Defecated  with  dlfilculty. 
Feel  very  much  better.  Rectum 
feels  very  sore  and  palnfuL 

9*35-  a.  m.  Finished  first  portion  of 
food. 

1*30'  p.  m.  Drank  second  portion  of  or- 
ange Juice.    Tastes  a  UtUe  bitter. 

2''30''p.  m.  n&istaed  second  portion  of 
food. 

6*60' p.m.  Nose  bled.  Atr  in  chamber 
feels  Irritating  to  nostrils. 

8  p.  m.    Finished  third  portion  of  food. 

8*20»  p.  m.  Drank  third  portion  ot  or- 
ange jnlce. 

10  p.  m.  Passed  a  fairly  good  day. 


Obteroation*  rtporttd  by  (eleptonc. 


March  11, 1905: 

4*20'' p.m.  Feel  well;  sleepy;  not  hun- 
gry. Heals  come  too  close  together; 
tongue  slightly  better.  Food  agrees 
with  me. 

7*10- p.  m.  Feeling  well;  tongue  im- 
proving; not  sleepy;  meals  too  close 
together.  Prefer  them  farther  apart 
and  with  more  food  at  a  time. 


March  12,  190G: 
8*10- a.  m.     Feeling    well;    tongue    im- 
proving;  did  not  sleep  very  well; 
feel  hungry. 
March  13,  1905: 
ll*SD-a.m.     Feel    fairly   waU;    tongne 
still  swollen  but  is  improving.  Feel 
weak   after    movement   ot   bowels 
which  reqnlred  nearly  half  an  bonr. 
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HeTABOLISK  EXPBSIIUHT  No.  76. 


Pulte  rate  esp«rime»t  So.  7S.* 


Time. 

?r 

Time. 

PdIm 

Time. 

PulM 

KM. 

Mu.  11    7k80>ft.m.. 

War.  19    7*80"».lil.. 

08 

Uul8     7«fl0-».l«.. 

77 

8  00    >.m.. 

8  00    t.m.. 

08 

8  18    ».m.. 

78 

10  00    a.m.. 

10  00    >.m.. 

•9J 

10  00    (.m.. 

8T 

IS  00    k.m.. 

1)  00    %.m.. 

00 

Ifl  00  p,m. . 

8« 

8  00   P.D1.. 

a  00  p.m.. 

00 

S  00   p.m.. 

78 

4  00    p.m. . 

4  00   p.m.. 

79 

4  00  p.m.. 

81 

6  00   pm.. 

flOO  p.m.. 

n 

0  00   p.m.. 

70 

6  00    p.ni. . 

»  00  p.m.. 

77 

8  00   p.m.. 

79 

10  00   p.m.. 

70 

10  00   p.m.. 

78 

10  00  p.m. . 

70 

>  PnlM  taken  wUle  slttliig. 


■  Tut  CMt  «Dd  atronc. 


UowmenU  of  tuiiect,  avration  S  dayi,  from  Jfor.  11,  7  a.  m.,  to  Jfor.  U,  7  «.  m.,  190S. 


March  11. 

F.  K. 

I'oe- 

urinate. 

8'18- 

drink. 

7'ob- 

riie,  open  carUln. 

1  08 

Bit. 

»  06 

food  aperture. 

7  02 

n  r  1  n  k  t  e ,     mOT« 

1  23 

food  aperture. 

9  08 

stand,  sit  read. 

cbftlr. 

1  36 

food  aperture. 

9   IS 

rise,  food  aperture. 

7  04 

row      bed.      dr«M, 
weigh  self.  Mc 

1  38 

eat 

9  14 

close    curtatai,    at- 

7 09 

1  42 

read. 

tempt  to  defecate. 

7   11 

food  aperture. 

2  00 

count  pulee. 

9  28 

open  curtain,  mora 

7  IB 

food    apertnre. 

2  14 

food  apertnre. 

about 

drink. 

1  16 

more  about 

9  30 

adjust     ticnnome- 

7  18 

comb     bair,     tele- 

2 18 

Bit 

ter. 

phone. 

2  32 

head  on  table. 

9  40 

telephone. 

7  26 

drink. 

2  36 

asleep. 

9  60 

drink. 

7  30 

count  pnlBtt. 

3  48 

awake. 

10  00 

connt  pulse. 

7  36 

drink. 

3  G2 

drink. 

10   12 

rise,    lower    table. 

7  38 

riM,  food  aperture. 

3   64 

write. 

open  bed,  recline. 

Bit 

4  00 

count  pnlse. 

read. 

7  44 

read. 

4  02 

move    about,    nri- 

11  00 

rise,    urinate,    un- 

8 00 

connt  pulse. 

nate. 

dress. 

8  20 

food  aperture. 

4   04 

sit 

11  04 

close  cnrUln. 

8  22 

read,  drink. 

4   06 

asleep. 

Marc\  It. 

8   22 

4  14 

awake. 

9  OS 

move  about,  sit 

4   32 

asleep. 

S  08 

food  aperture. 

4   40 

awake. 

7»00" 

rise,  open  curtain. 

9  11 

food  a)>erture. 

G  01 

drink. 

7  02 
7  09 

urinate.     moT« 

»  BO 

eat.  read. 

6  28 

stand,  telephone. 

chair,  weigh  aelf . 

9  4* 

atand,    blood    earn- 

6  30 

more  about,  stt 

.«»"■.. 

pled. 

6  32 

kneel,  doctor  count 

7  12 

raise  Uble,  sit 

9  54 

sit.  read. 

pulae. 

7  IG 

food  apertnre. 

9   66 

rinse  bottle. 

G  84 

coat  off.  blood  pres- 

7 20 

comb  hair. 

10  00 

count  pulae. 

sure  test 

7  26 

drink. 

10  04 

food  apertnre. 

6  48 

coat  on.  Bit,  read. 

7  30 

connt  pulse,   wriW- 

10  06 

read. 

6  00 

count  pulse. 

7   47 

drink. 

11  08 

food  aperture. 

6  16 

rise,  food  aperture. 

8  00 

connt  pulse. 

11    10 

move  about. 

6  24 

8  02 

read. 

11  16 

eat,  read. 

6  G4 

rise,  food  apertnre, 

8  SG 

drink. 

12  00 

count  pnlse. 

urinate. 

9  02 

move  about 

a  b,  Google 
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llovementt  of  tuBject.— Contlnaed. 


JforcA  It   (cont). 

9*  45'>  flnlsb  eating,  write. 

9   60  drink. 

10  00  count  pulse. 

10  04  food  aperture, 

10  OB  sit 

10  12  read. 

10  22  more  about. 

10  2*  alt 

10  26  read. 

11  00  drink. 

11  OS  tood  aperture. 

11  22  move  about. 

11  24  food  aperture. 

11  26  read. 

11  40  drink. 

11  42  food  aperture. 

12  00  count  pulse. 

P.M. 

12' 25-  drink. 

1  02  move  about 

1  04  telepbooe,  food  ap- 
erture, urinate. 

1  OS  lean  on  table,  read. 

1  12  move  about,  food 
apertvre. 

1  14  alt 

1  IS  drink. 

1  42  read. 

2  00  count  pulse. 
2  08  move  about. 
2  10  eat.  read. 

2  30  flnfeh  eatluK,  write. 

3  04  food  aperture. 

3  46  food  aperture. 

4  04  count  pulse. 
4  08  read. 

4  26  eat 

4  2S  read. 

6  04  move  about,  uri- 
nate. 

6  06  sit,  read. 

5  15  food  aperture, 
e  ISlBtand,    blood    pree- 


>    ISlBl 

;  22  r 


5  26  Bit,  read. 

5  50  drink. 

6  00  count  pulse. 

6  12  food  aperture. 

7  02  rise,  food  aperture. 
7  16  rise,  food  aperture. 
7  20  eat 

7  36  finish  eating. 

7  40  food  aperture. 

7  62  food  aperture. 

7  6S  telephone. 

8  00  count  pulse. 

8  05  tood  aperture. 

9  00  drink. 


P.M. 

»»10' 
10  00 

10  05 
10   12 


drink. 

count  pulse, 
drink. 

rise,  open  bed,  re- 
cline, read. 
11  00     rise,    nndreos,    uri- 
nate,   close    cur- 
tain, retire. 
March  IS. 


vm- 

rise,  open  curtain. 

7  oil 

7  08 

urinate,  weigh  self. 

etc 

7   14 

raise  table. 

7    IS 

food  aperture,  Bit. 

7  26 

drink. 

7  30 

count  pulse. 

7  32 

remove   thermome- 

ter. 

7  36 

cloee  curtain. 

7  40 

defecate. 

8  08 

open  curtain. 

8  10 

Bit,  write. 

8  14 

food  aperture. 

8  15 

count  pulse. 

8  16 

read. 

8  20 

food  aperture. 

S  30 

drink. 

9  04 

stand,   blood   sam- 

pled. 

9  05 

drink. 

9   10 

sit. 

9   16 

food  aperture. 

9   18 

food  aperture. 

9   20 

sit.  rest 

9   35 

finish  eating. 

9  38 

food  aperture. 

9   42 

read. 

10   00 

count  pulse. 

10   02 

food  aperture. 

10   05 

drink. 

10   2S 

more  about. 

10   38 

head  on  table. 

asleep. 

11   00 

awake,    food   aper- 

ture. 

11   04 

move  about. 

11   10 

stt,  read. 

11   12 

food  aperture. 

11   35 

drink.      . 

12   00 

count  pulse. 

12-  02- 

move    about,     uri- 

nate, sit. 

12   06 

read. 

12   25 

drink. 

1   00 

urinate. 

1   01 

food  aperture. 

I'OS'  food  aperture. 

1  12  alt,  drink. 

1  54  more    about,    tood 

aperture. 

2  00  count  pulse. 
2  30  flnish  eating. 

2  45  drink. 

8  02  food  aperture. 

S  04  stand. 

3  08  more    about,    tood 

aperture. 

3  12  Bit 

3  14  read. 

3  36  more  around,  read. 

4  00  count  pulse. 
4  06  drink. 

4  06  more  about. 

4  08  sft,  read. 

4  16  more  chair. 

4  20  write. 

4  28  telephone. 

4  38  more  about. 

4  40  write. 

5  02  imove  about,  blood 
5  06  f    pressure  test 

S  08  telephone. 

5  10  sit. 

6  16  count  pulse. 
6  20  telephone. 

B  24  more  about. 

5  28  sit 

6  00  count  pulse. 

6  04  rise,  move  about 

6  12  sit  read. 

6  16  food  aperture. 
6  20    ware  arms. 

6  22  telephone. 

7  04  urfuate,  food  aper- 

7  06     telephone. 

7  20    Onlsb  eating,  rise, 

sit 
7  SO    tood    aperture, 

move    about, 

stand. 
7  G6     food  aperture. 

7  68     telephone. 

8  00    count  pulse. 

8  07  food  aperture. 

8  20  drink. 

8  45  drink. 

9  60  drink. 

LO  00    count  pulse. 

10  14     rise,    lower    table, 

open  bed,  recline, 

11  00     rise,    urinate,    un- 

dress,   close    cur- 
tain. 
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Mbtabolisu  Experiment  No.  ' 


The  data  shoving  the  amounte  of  water  dinnk,  the  detennmatious  in  the 
nrine  per  period  and  per  day,  the  elimioation  of  water-vapor,  and  the  oxygen 
intake  and  output  of  carbon  dioxide  are  given  in  tables  134  to  138.  As  in 
experiment  No.  75,  the  water  drunk  during  each  period  was  meaBured. 


Table  134. 

76. 

Dmte. 

7to> 

Btoll 

i'lV^ 

ItoB 
P.BI. 

StoB 

BtoT 
p.  111. 

7to» 

p.m. 

ttoU 
P-BJ. 

r». 

M.,.'Sn.... 

Har.  IS- 18. . . . 
Mar.  18-1*.... 

as- 

878.0 
106.3 

78.0 
180.0 

MS  .4 
159.0 

ffTMM. 

144.4 
70.6 

....      944.8 
198.0      170.0 

luis 

aOT.B 
SB. 8 

1048.5 
1070.5 

*  per  dajf—MetabotUm 


D«t««i»d  period. 

la) 
Amount. 

«» 

Bpedflo 
irrartty. 

(e) 
Vol. 
Co+6) 

<<» 

W 

HItro- 
Ken. 

•Unlne 

l«Ofl. 
M«r.  u-iaT 
7ft.iii.  to   1p.m.... 
1  p.m.       7  p.m. . . . 
7  p.m.      11p.m.... 
11p.m.        7  ..III.... 

Oramt. 
481.7 
981.4 
188.6 
109.3 

1.0114 
1.0048 

i.oots 

1.0084 

918 
183 
198 

N«atr«l 

....do 

....do 

....  do 

8.83 
1.48 
1.67 

Oram: 
0.B76 
.300 
.084 
.108 

Onwtt. 
0.888 
.808 
.IBS 
.800 

178B.B 
1785.8 

1.0088 

1736 
1785 

10.17 
10.  IB 

.833 
.757 

1.114 
1.187 

Hftr.  13-18: 

7  a.m.  to   1p.m.... 
1p.m.       7  p.m.... 
7  p.m.     11  p.m.... 
llp.m.        7s.m.... 

Nontral 

Nantral 

...do 

....do 

Slightly  acid. 

648.0 
373.0 
118.1 
881.S 

LOOM 
1.0069 
1.0086 
1.0068 

647 
871 
111 
879 

8.11 
3.08 
1.03 
3.00 

.118 
.109 

!i67 

.885 
.804 

.194 
.870 

1S1S.7 
1818  7 

1.00*7 

1808 
1808 

7.16 
7.17 

.375 

1.388 
1.398 

Totklbyeompoilte. 
Mw.  18-14: 
7  ..in. to    1p.m.... 
1p.m.        7  p.m.... 
7  p.m.     11p.m.... 
llpm.      Ta.m 

Heutral 

Kentfal 

Slightly  acid. 

Heatral 

aughtlj  acid. 

811.4 
400.0 
873.8 
819.0 

1.0058 
1.0048 
1.0045 
1.0050 

810 
808 
372 
BIS 

l.M 
3.18 
1.88 

8.7B 

.068 
.187 
.135 

.*7* 

.84B 
.860 
.317 
.*SI 

1008.8 
HW8.8 

1.0046 

ISBfl 
15IMJ 

.789 

1.346 
1.848 

Total  by  compoilte. 
Tot»l  torSdtji.... 

4653.7 

4889 

3.698 

Dioiiizeab,  Google 


Infldbnob  of  IifANtnoM  out  Mbtibolibie. 


U-m      MU.U-H. 


(a)  Wilgbt gnmj . 

»)  WaUr. do... 

(e)  Solid*,  a-t do... 

10)  A»li do... 

((}  Orgulfl  mttUr,  c—d. do... 

</}  Nitrogen do. . . 

(g)  Carbon do... 

(JU  HydrogBQ  In  organic  uatUr. . .  do. , . 
it)  Oi;KaD<b;dllIar«no«)lDorganleiBat. 

ter,  *—if+g+h) smaa. 

if)  Pboipborai do. . . 

Pboapborie  acid  (P,0,): 

<fe)  BjtniloD grama. 

(I)   By  tItraUon do. . . 

(m)  Bnlpbur do. . . 

Bnlphnr  trloxld*  (SO,): 

in)  Total grami. 

(o)  iDorfcaDle  and  etbanal do... 

(f))  Nentral,  n-o do... 

(q)  Creatinine  (pnformed) do... 

(r)  Total  creatinine do, . , 

<*)  CreattDeMprefornied),r— 9....do.,. 

(I]   Chlorine do. . . 

(u)  Sodlnm  chloride do. . . 

<r)  Heat  of  combnatlon oaloriee. 


171».e 
1090. IS 
40.09 
1.T4 
80.88 
10.17 
11. U 
>.W 

14. 4S 


18IS.T 
IdW.U 

98.se 

1.64 
SI. 41 
7.  IB 
6.SS 
1.46 


1II0S.2 
lS7a.ll 
87. OB 
8. OB 
98.40 
7.88 
&.9S 

i.m 


4501.74 
BO.H 
7.87 

ss.ea 

Sfi.14 
88.81 

6.es 


>tnt< 


d  by  Google 


MbTABOUSH  EZFEBniBNT  Ko.  76. 


Data. 

Partod. 

am'Dt 

"ir 
H 

MriOd. 

lb) 

'Ik>tal 

Itato. 

Pmlod. 

am'Dt 
period 

Total 

ana^ 
nuonj 

KM. 

Mar.  11.... 
Mar.  11-13. 

Mar.  IS- 18. 

PraUmlnar;: 
8a.m.to7a.m. 

7a.iii.to>a.m. 
ea.m.    11a.m. 
11a.m.      Ip.m. 
1p.m.     ap.B. 
8  p.m.     Bp.m. 
6p  m.     7  p.m. 

7  p.m.     »p.m. 
0  p.m.    11p.m. 

11  p.m.     1  a-m. 
1a.m.     8a.m- 

8  a.m.     Sa.m. 
Sa.m.      Ta.m. 

Total 

7a.m.to0a.m. 
»a.m.    lla.m 
11a.m.     lp.m 
1p.m.      8  p.m 

Spm'     Spm 

ffrWM 
20.7 

Ormmt. 

Har.  18-18. 
liar.  lS-14. 

7p.m.  to  0p.m. 
»p.m.   11p.m. 
Up.m.      1a.m. 
1a.m.      8>.m. 

8  a.m.      Ba.m. 

6  a.m.      Ta.m. 

Total 

1p.m.     8p.m: 
Sp.m.     6  p.m. 
Bp.m.     7  p.m. 

7  p.m.     »p.m. 

9  p.m.    11p.m. 
11p.m.     1a.m. 

1a.m.     8  a.m. 

8  am.     6  a.m. 
Ba.m.     7  a.m. 

Total 

9ni*M. 
34.0 
84. 0 
31.7 
83.8 
30.1 
30.7 

58.6 
40.1 
48.8 
43.4 
4B.0 

31.0 
34.7 
M.S 
34.7 
34.8 
8B.4 
90. S 
U.t 
33. » 
SS.4 

ai.o 
91. e 

67.3 
BO.l 
BB.4 
BB.B 
68.0 
48.<t 
64. T 
58.1 
48  .S 
47.6 
48. a 
4«.B 

6B8.8 

35.7 
83.8 
88.8 
34. B 
36.1 
84.9 
84.6 
83.8 
31.8 
31.0 
31.8 
31.0 

68.7 
48.0 
88.8 
83. fl 
64.0 
61.7 
66.7 
60.1 
48.1 
40.8 
47.8 
46.0 

6ie.8 

34.0 
34.B 
38. « 
34.8 
34.4 
34.8 

Bl.O 
48. B 
49.0 
BO.O 
SO. 4 
50.6 

811.4 

■  Allowance  baa  b«n  made  for  wat«r  talosd  or  loal  fer  tlie  dulr,  tedding, 
BTtldea  u  iDllowi:  Uareh  11-12,  1.B3  cranu  nlned;  Mareh  13-18,  14.34  > 
18-14,  0.73  iram  falned. 
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Dau. 

Pwiod. 

Oiboa 

dtoxid*. 

Oxn». 

(a) 
Anouut  iD 

Ss, 

AJ2,tin 

^t 

chunbar 

cJumW 

at  «d  of 

ubdwl 

MMld  (rf 

(HTiod. 

iw«.bi-t. 

p-lod. 

brnbHet. 

itot. 

Pi«liminu7: 

OroMM. 

Oram,. 

Lifrt. 

Onmt. 

Har.M 

Mar.  11-12... 

6  a-m 

7  a.m 

to    7  a.  m.. 
to    9  a.  m. . 

16. e 

L-_-_^ 

887,8 

22.3 

52.9 

917,8 

66.6 

g  a.  m 

11  a.  m.. 

25.6 

£1.9 

916.6 

60.7 

11  a-m 

1  p.  m. . 

26.8 

63.7 

917.8 

46.3 

1  p.  m 

3  p.  m. . 

23.9 

64.3 

913,0 

60.0 

3p 

5  p.  m. . 

2fi.fi 

46,6 

916.7 

42.9 

5p 

m 

7  p.  m. . 

24.4 

46.4 

919.5 

42.8 

7p 

in 

9  p.  m.. 

29.7 

60.1 

918,2 

49.1 

9p 

11  p.m.. 

24.0 

52,4 

920.6 

48,6 

lip 

m 

1  S.  m. . 

23.6 

37.5 

926.3 

32,3 

1  a 

m 

3  a.  in.. 

17.8 

32,8 

927.6 

34.4 

3  a 

fi  a.m.. 

23.0 

36,2 

923.9 

33.2 

Mar.  12-13... 

5  a 

m 

7  a.  m. . 

18.fi 

36,7 

022.4 

31,3 

Total 

7  a.  m.  (o    9  a.m.. 

661,4 

627,2 

32.3 

50,8 

908.7 

64.6 

9  a 

m 

11  a.m.. 

27.4 

61,6 

900,6 

44,6 

11  a 

1  p.  m. . 

36.8 

61.6 

891.0 

44.4 

1  P 

m 

3  p.m.. 

29.3 

63,9 

888.0 

61.9 

3p 

fi  p.  m.. 

877,4 

44.0 

5p 

7  p.m.. 

27.7 

51,0 

886.7 

47.3 

7p 

9  p.  m. . 

37.5 

62.1 

882.6 

46.2 

9p 

11p.m.. 

27.1 

63,4 

895,7 

43.1 

lip 

1  S.  m. . 

18.6 

37,3 

906.0 

31.1 

1  k.m 

3  a.  m.. 

17.7 

34.2 

902.9 

31.4 

3  a.  m 

S  a.  m.. 

18.1 

34.6 

912,6 

Mar.  13-14. . . 

5  a.  m 

7  a.  m.. 

17.9 

37.4 

910.6 

31.9 

Total 

7  a.  m.  to    9  a.  m. . 

660.4 

500.2 

27.8 

67,8 

903.6 

60.7 

9  a.m 

11  a.  m.. 

26.6 

55,6 

909.8 

46.8 

11  a.  m 

I  p.  m. . 

24.4 

63.3 

900.6 

44.fi 

1  p.m 

3  p.  m. . 

24.8 

53.6 

889.8 

45.7 

3  p.  m 

fi  p.  m . . 

29.0 

60.3 

884.9 

48.6 

5  p.m 

7  p.  m . . 

26.1 

64,6 

888.9 

48.9 

7  p.  m 

9  p.  m. . 

28.2 

58.9 

892.2 

49.3 

9  p.m 

Up.m.. 

23.6 

49.8 

896,8 

42.2 

11  p.m 

1  a.m.. 

19.3 

37.7 

898,5 

26.9 

1  iLm 

3  a.  m. 

17.6 

36.5 

896,9 

31.1 

3  a.  m 

6  a.m.. 

20.4 

40.2 

896.0 

31.8 

£  a.  m 

7  «.m.. 

18.4 

40.2 

898,3 

30,6 

Tot 

a] 

608.4 

607.1 

Dioiiizeab,  Google 
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EiLBUBKTB  AMD  MAT^IIAI.8   KATABOUZED  IN   BODT. 

The  data  in  tables  139  and  140  correspond  in  all  respects  to  the  similar  tables 
for  previouB  food  experiments.  Food  and  water  ingested  have  not  been 
considered  in  obtaining  the  results. 

Tabix  139.^EIem«nt<  katabolUxtl  In  body—MetabolUm  experiment  No.  76. 


Si. 

"Br 

Cuboo. 

A 

Alh. 

Firtt  aav.  Mar.  11. 1905. 

Income:  Oi^^nfromwr 

Outgo: 

527. 2S 

Onmt. 

Ormu. 

eramt. 

Oramt. 
627.26 

Oram,. 

1695.18 
40.62 
616.81 
S51.36 

l6!i7 

li!63 
166!38 

189.69 
2.60 
69.02 

1505,49 
14.48 
547.79 
400.98 

i'.ii 

Solids  in  urine              

Water  of  reroiration ' 

2903.97 
2376.72 

10.17 
10.17 

162.01 
162.01 

261,31 
261,31 

2468.74 

1,74 

iSeoond  day,  liar.  IS,  1905. 
Outgo: 

500.16 

500,16 

1290.45 
23.25 
682.30 
660.44 

7!  is 

5!65 
152! 83 

144.40 
1.46 
65.16 

1146.05 

7,16 

617.14 

407.61 

i!84 

Water  of  respiration ' 

Carbon  dioxide 

2456.44 
1966.28 

507.08 

7.16 
7.16 

158,48 

168.48 

211,01 

211.01 

2077,96 
1577.80 

1,84 
1.84 

Lo« 

nW«J  Aw,  Itar.  IS.  190S. 

Income:  Oxygen  from  air 

Outoo: 

Water  in  urine 

607.08 

1676.11 
27.09 
611.39 
608.39 

7:82 

6!93 
165:93 

176.37 
1.60 
68,41 

1399.74 

8.05 
542.98 
442.46 

ZM 

Solids  in  urine 

Water  of  respiration ' 

Carbondioxide 

2822.98 
2316,00 

7.82 
7.82 

171.86 
171.86 

246.38 
246.38 

2393.23 
1886.16 

3.60 
3.69 

Low 

'Inclnil 

eiaiM  w> 

M  or  pere 

plrallon. 

m.  79. 

Date. 

(a) 
Nitro- 
son. 

(6) 
CarboD. 

(e) 

id} 
Oi«en. 

Wat«. 

Protein. 

(a) 
Fat. 

m 

Carbo- 
hjdratoi 

<1) 
Asb. 

1.84 
S.OU 

H«r.  Ll-lS  . . . 

Mar.  18-18.... 

Kar.  lS-14.... 

Total,  8  days. 

7.16 

7.83 

■»st 

198.46 
171.88 

Oramt. 
ML. 81 

sn.oi 

248.88 

Oram.. 
1B41.4B 
1577.B0 
18HB.16 

Orawu. 
ai30.S7 

1678. e« 

1»81.8T 

Onmt. 
81,03 
48,90 

STR- 

101.9a 
86.87 

as- 

181. 8S 
ai7.47 

as.i4 

403.85 

Tie. 70 

MOB.  44 

5781.10 

160.84 

808.64 

406. 4« 

7.87 

Dioiiizeab,  Google 
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ToTU.  Hkat  PacMiDcnoH,  MEumm  amd  Cotmnm. 

The  total  heat  production  for  each  l^hour  period  of  the  experiment  ia  ahown 

in  table  141,  together  with  the  snmmarized  data  from  vhich  it  is  obtained. 


Date. 

Period. 

(■) 

HMt 

water. 

(ol 
b«at 

^a^■b■^■e}. 

Mar.  U  lS^. 

Ta.m.  to  9a.m 

9a.m.      lla.m 

11a.m.        1  p.m 

1p.m.        8p.m 

8p.iii.        Bp.m 

«P».        Tp.m 

7p.m.        »p.m 

»p.m.      llp.m 

11p.m.        la.m 

1a.m.        8a.m 

8a.m.        Ba.m 

aa.m.        7a.m  .... 

117.8 
119.4 
186.7 
189.8 
1S0.0 

lai.o 
ias.4 

71.8 
88. fl 
88.9 

77,0 

89.0 
89. » 
88.0 
80.7 

se.s 

89.8 
81.4 

98. 7 
88.1 
97.6 

87. 8 

TT" 

186.0 
104.8 
149.8 
187.4 
168.8 
188.1 
186.9 
1B6.8 
110.0 
191.9 
116.9 
108.4 

+  17 

-  8 

+  18 

-  6 

-  0 
+  8 

-  0 
+  10 
+   6 

+  a 

+   8 

1856.0 

864.  S 

+  40 

1767.0 

158. 1 

iM.e 

113.8 
188. 8 
180.8 
198.9 
ISS.fl 
IM.e 
67.8 
6e.9 
S8.0 
78.9 

80.9 
38.8 
80.1 
80.8 
80.8 
S0.< 
80.8 
81. 8 
86.0 
88.8 
88.4 
87.4 

+   6 
+  6 
+  81 
+  91 

-  8 

+  9 
-17 

-  7 
+  13 
+   3 
+   4 

IVt.8 
160.6 
164.6 
187.B 
1B7.8 
16B.8 
168.7 
140.7 
77.4 
107.3 
113.8 
lOS.S 

9  a.m.      It  a 
11  a.m.        1  p 
1  p.m.        8  p 

8  p.m.        6p 
Bp.m.        7p 

7  p.m.        9  p 

9  p.m.      11  p 
11p.m.        la 

1  a.n.         8  a 

8  B.m.         B  a 
B  a.m.        7  a 

IS».8 

8SS.8 

+  68 

1798.4 

104.9 
184.0 
119.7 
108.9 
188.8 
180.  B 

iis.e 

ISB.S 
68.8 
88.1 

84.7 
87.8 
81.0 
81.1 
89.8 
80.0 
88.6 
8V.7 
SB. 4 
87.0 

-  8 
+  18 

+    4 
+  88 

-  e 

+    0 
+  18 
-14 
+   4 

+   7 

190.7 
178.0 
186.1 
168.8 
189.4 
101.8 
167.9 
147.6 
88.8 
118.1 

9  a.m.      11  a 
lla-m.        Ip 
1p.m.        8p 
8p.m.        Bp 
Bp-m.        7p 
7  p.m.        9  p 
9  p.m.      lip 
11  p.m.        1  a 
1  a.m.        8  a 

a  b,  Google 
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Id  table  14S,  the  computed  energy  of  the  body  material  katabolized  is  com- 
pared with  the  daily  heat  produced  (column  d,  table  141). 


DBUl 

Total 

Bnemr  fion 
Dody    materia] 

ontpnt. 

rrombod;  protein. 

From 

(•) 
bodr 
■en. 

m 

Total 

(a)           (»> 

(a) 
Net 

(A) 

M„.'r-,..... 

Har.  18-18.... 
Uar.  13-14.... 

Total,  Rdayi. 

At.  p«t  day.. 

"Si 

343 

Oat: 

w 

Sll 

178 
198 

880 

"Si 

Ul 

1AM 
1748 

0«(*. 
1787 
1738 
1768 

Ceb. 

+    6 

-a» 

-10 

-1.7 
-0.8 

S63 
884 

9B0 
87 

6»9 
1»7 

S934 
B75 

18B8 
888 

5314 
1T8B 

5«48 

174S 

-84 

-11 

-o.i 

In  table  143  are  recorded  the  oxygen  and  carbon  dioxide  thermal  quotienta 
and  the  reflpiratory  qootienta  per  period  and  per  day. 

EPPBCT  OF  IK0E8TI0N  OF  FOOD. 

Diet. — The  food  consieted  of  milk,  gluten  crackers,  apple,  orange  juice,  and 
a  small  quantity  of  a  breakfast  food  vhich  was  added  to  the  diet  at  the  request 
of  the  Bubject  The  results  of  the  analyses  of  the  different  food  materials 
and  of  the  feces  for  the  experimental  period  are  given  in  table  144.  The 
amounts  of  food  eaten  and  the  composition  and  heat  of  combustion  are  ehawn 
in  table  146,  together  with  the  weight  and  composition  of  the  feces.  Feces 
were  not  passed  until  the  morniug  of  Afarch  13  (total  weight,  S8.1  grams). 
The  last  previous  defecation  was  at  9"  10"  a.  m.,  March  4. 

Elements  onti  materials  absorbed  from  food. — The  usual  custom  of  aadgn- 
ing  to  each  day  one-third  of  the  feces  separated  for  the  experiment  was  here 
followed,  and  since  the  daily  intake  of  food  was  constant  it  is  assumed  that 
there  was  a  constancy  in  the  elements  absorbed  from  the  food  when  computed 
according  to  the  usual  method  of  deducting  the  elements  of  the  feces  from 
the  elements  of  the  food.  The  quantities  of  water  consumed,  however,  varied 
from  day  to  day,  and  hence  the  remarks  made  in  the  discussion  of  experi- 
ment No.  74  regarding  the  computation  of  the  quantities  of  material  absorbed 
from  the  food  apply  also  here.  The  data  in  terms  of  elements  for  the  first 
day  of  the  experiment  are  shown  in  table  146.  The  average  daily  amounts 
of  materials  absorbed,  as  computed  by  the  formula,  are  as  follows:    Protein, 
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202  Influence  of  Inanition  on  Metabolish. 

30.18  grams;  fat,  ?6.78  grams;  and  carbohydrates,  190.01  granu.  As  already 
explained,  slight  Tariationa  from  these  amounts  occur  on  the  different  days  of 
the  experiment.     These  appear  in  lines  d  and  g  of  table  150. 


Table  143.— Oxyjen  and  carbon  dioxide  thermta  quotie 

nt«  and 

TetptratoTn 

quotientt—Metaboliam.  experiment  No. 

76. 

W 

<b) 

(Bt 

CO 

it) 

(t) 
Volume 

yoff™ 

m 

Date  and  period. 

Total 

Ox  mo 

OiTgen 
tberoial 

CarboD 
dloilde 

as 

thsraiBl 

OUOtlODt 

iODdf-ai. 

ofoarbOD 
dioxide 
ellml 

«am«d 

(i>xa7). 

BMpt- 
ratory 

if+Ol- 

UM^ 

M«r.  1 

-13: 

Oalt. 

gniai. 

Onmi. 

uteri. 

Htm. 

7»,m 

to    0>.m. 

les.o 

G5.6 

29.6 

53.9 

38.1 

37.0 

88.9 

0.69 

VB.m 

18*.  8 

60.7 

80.9 

51. 9 

81. 8 

38,4 

86,6 

.74 

11  Lm 

Ip 

1*8.8 

48.8 

81.0 

53.7 

85.9 

87,8 

83.4 

.84 

lp.m 

8p 

1S7.4 

80.1 

83.1 

64.8 

38.9 

87.8 

43.1 

.60 

8p.m 

6p 

168.8 

49.9 

97,9 

48.8 

80.3 

38. T 

80.0 

.78 

Bp.ni. 

7p 

isa.i 

49.8 

88.1 

48,4 

80.5 

38.6 

80.0 

.79 

7p.n. 

»P 

1MI.9 

49.1 

81.3 

50,1 

81,9 

36.6 

84.4 

.74 

9p.m 

lip 

168.8 

48.6 

81.1 

63.4 

88,5 

36.7 

84.0 

.78 

llp.n 

1a.m. 

110.9 

83.8 

39.3 

87. B 

88.8 

19.1 

aa.7 

.84 

t«.n 

8  am 

iai.9 

84.4 

28.3 

83.8 

36.9 

16.7 

34.0 

.69 

Sa.n> 

6a.m 

118.9 

88.3 

38.4 

86.3 

81.0 

18.4 

38.3 

fia.m 

To 

Har.  1 

7».m. 
tal 

108.4 

81.8 

38.8 

88.7 

88.9 

18,7 

31.9 

.88 

1787.0 

6B7.8 

99.8 

551.4 

81.3 

380.7 

369.1 

0.78 

»-18r 

to    g  B.m 

191.8 

64.5 

38, B 

5«.e 

36.6 

35.9 

88.1 

0.68 

Va.m 

It  a.m 

160.8 

44.6 

37.8 

51.6 

83.1 

90,3 

81.3 

,84 

tlB.m 

lp.m 

164. B 

44.4 

37.0 

61.5 

81.8 

30.3 

81.1 

.8* 

lp.ni 

8p.m 

187.5 

61.9 

37,7 

58.9 

38.8 

27.4 

86.8 

,76 

Spin 

6p.m 

1B7.1 

44.0 

38,0 

53.8 

88. e 

30.9 

80.8 

.87 

Sp.m 

7p.m 

1SB.8 

47.8 

80.* 

51. 0 

83.8 

36,0 

88.1 

.78 

7p.m 

l>p.m 

188. 7 

4«.3 

37.9 

53.1 

81.5 

36.6 

83.8 

,88 

9p.Iil 

11  p.m. 

140.7 

48.1 

30,6 

58.4 

87.9 

87.3 

80.3 

.90 

llp.m 

1  B.m. 

77.4 

81.1 

40,3 

87.8 

48.1 

19.0 

31.8 

.87 

I  a.iD 

Sa.m. 

107.8 

31.4 

39.3 

84.3 

81.9 

17.4 

33.0 

.79 

8a.iii 

Sa.m 

lis. 8 

SO.S 

36. B 

84.5 

80.7 

17.6 

80.9 

.84 

Sa.iD 

To 

Mar.  1 

7a.iii 
tal 

108,8 

81.9 

39.4 

87. B 

84.8 

19.0 

33.8 

.88 

1TS8  4 

500.3 

38,9 

580.5 

89.4 

386.8 

860. 1 

0.83 

H*; 

7a.m 

to    Oa.m 

190.7 

60.7 

81.8 

67.8 

S5.S 

84. 5 

43.6 

0.81 

11   0.111 

178.8 

46,8 

87.0 

56.6 

83.0 

38.8 

83.8 

.88 

lla.m 

lp.m 

li«.l 

44. B 

26. B 

68.8 

84.1 

87,1 

81.3 

.87 

lp.m 

8p.m 

108.8 

46,7 

37,1 

58.5 

81,7 

87.3 

83.0 

.86 

8p.m 

5p.m 

iau.4 

48.6 

80.5 

60.8 

87.8 

80.7 

84.0 

,80 

5  p.  a 

7p.m 

181.8 

48.9 

80.3 

64.0 

88.8 

37.8 

84.3 

.81 

7p.m 

8p.m 

187.9 

49,8 

3V.8 

58.9 

85,1 

80.0 

34.6 

.87 

ep.m 

llp.m 

147. 6 

43,3 

38.6 

49.8 

83,8 

36.4 

39.5 

.86 

llp.m 

la.ni 

34.9 

80.8 

87.7 

43.6 

19.3 

is.e 

1.03 

la.m 

8a.iD. 

118.3 

81,1 

36.8 

86.5 

80. B 

18.6 

31,8 

,85 

8«.IIL 

Ba.m. 

ua.B 

81.8 

28.2 

40.9 

8B.7 

SO. 5 

92.8 

.83 

To 

7a.m 
tal 

1(16.1 

80  8 

38.8 

40.3 

87.9 

80.6 

31.4 

.88 

1788. B 

507.1 

88.9 

608.4 

84.7 

809.6 

855.0 

0.87 

■  Dioiiizeab,  Google 


Mbtabolibm  Expebihemt  No.  76. 


Labor 
■toiT 
ber. 

KlndotmBterikL 

(01 

(6) 
PW)- 

(«) 
Fat. 

Id) 
dratei. 

«1 
Aab. 

(/) 

(0) 
bon. 

(h) 

of 

Uon 
p*r 

8843 
S843 
SSM 
S84ft 
88  S8 

.f-.S'i 

ss.ss 

87.40 

T.aa 

8. SI 
78.40 

1.97 
0.59 
10.13 
81.51 
7.» 

i.75 
0.88 
7.28 

ll.Ofl 
11.60 
79,11 
13.01 
8.68 

0 
0 

1 

2 
3 

29 
41 
80 
84 
76 

o.ss 

0.10 

1.78 
14.30 
1.88 

6 

48 

49 
13 

el. 

6S 
39 
34 
93 
47 

P.rt. 
1.79 
0.85 
0.78 
6.80 
7.S0 
8.10 

■a 

O.S'M 
0.478 
4.093 
5.447 
J. 487 

Or4DgBjnlcB 

Shredded  irhe»t . . 
01nt«n  crMkert.. 
Fecei 

Table  146. — Weight,  compotition,  and  heai  of  cotnhuBtion  of  food  and  fece* — 

Metaboliam  experiment  No.  76. 

[Quantltlas  of  food  per  dsj.] 


Food. 

F«OM. 

Orang« 

a.. 

a 

» 

(8SU).< 

(8M).i 

(or  day. 

» 

pe^Sr. 

U)  W«ight Kratni   . 

650.70 

138.70 

313.90 

177.80 

10.10 

1374.30 

888.80 

110.93 

iST.Sa 

106.86 

173.47 

13.84 

.S3 

930.5t 

340.95 

80.83 

M  Protein do.... 

7.09 

3.48 

1.8S 

17.99 

8.88 

37.68 

36.59 

8.86 

(il)F»t do.... 

67.61 

8.11 

.03 

70.76 

34.03 

8.01 

48.98 

13.67 

se.t» 

140.66 

1.38 

388.79 

88.73 

9.B7 

(/>Aih do.... 

1.B0 

.35 

1.38 

8.30 

.34 

6.57 

13.61 

4.17 

(y)NUros.n do.... 

1.11 

.43 

.81 

8.16 

1.44 

6.45 

4.36 

1.49 

(A)  Carbon do.... 

73.75 

6.B3 

75.18 

W  Efdrogen do.... 

11.66 

1.04 

3.44 

13.09 

.74 

37.96 

6.89 

3.83 

y)  Oxygen  {by  diffrrencB) 

848 

65 

150 

738 

56 

1841 

478 

159 

'Laboratory  oDmber. 


Dioiiizeab,  Google 
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Tabu  lU.^BIemenU  abtorbea  from  tood—MttabiM»wt  wporiM«n(  i 


is.. 

mtrocwL 

Oubon. 

.-^. 

Oxjtta. 

(/> 
AM.    . 

Jtrtt  «air,  Var.  11,  1996. 
rood  And  drink: 

SftH.ftS 
wo.  51 
1031.10 

■^t:-. 

m^-7 

108.01 
114.36 

617.50 
B06.M 

"TS 

WMerlnfood. 

Wfttar  In  drink. 

99«.80 

e.4s 

178.47 

846.88 

1868. S» 

6.57 

r»t>M: 

BO. 61 
SO.Sfl 

i.«a 

U.« 

a. 81 

7.T6 
71.88 

4.17 

110. 9S 

1.4S 

14. M 

11.89 

7B.08 

4.17 

B1B4.87 

8.08 

1BS.6S 

asa.vi 

1784.60 

8.40 

Por  Unreh  12,  1906,  tb* 


■ratna  napcctlnlr: 


of  hydfoftn  mfl 


Much  16,  1B06,  the  oomsi 


id  oxnen  A 
ipondinc  AH 


Amounts  of  ingredtenta  of  food  abtorbed,  and  corresponding  amoitnU  of 
tody  materials, — A  compariBon  of  the  protein,  fat,  and  carbohydrstes  absorbed 
from  the  food,  obtained  by  the  tuaal  metiiod,  i.  e.,  b;  deducting  the  quantities 
of  these  compoaoda  in  the  feces  from  thoae  in  the  food,  with  the  qoantities 
computed  as  body  material  absorbed  is  given  in  table  147.  The  data  for  all 
days  are  identical. 

Tabix  U1.—AtnoutUt  of  ingrediaiUt  of  food  abaorbed,  and  body  materials  derived 

from  tkem— Metabolism  esperimsnt  Ho.  16. 

[Quantltlw  per  day.] 


FrotBln 

r«t. 

CmrbobjidrataB. . . 


Bnerg7 cKloriat.. 


87.68 
70.76 
338.79 
O.BT 
1641 


S.S6 
8.01 
V.&T 
4.17 


88.78 
63.74 
330.82 
8.40 
1683 


30.18 

76.78 

190.01 

8.40 

low 


1886.46  crmma:  Unrcb  13,  1907.67  fnuna;  : 


«  U  toUown :  IfaMfe  11, 


Energy  of  material  absorbed  from  food. — The  protein,  fat,  and  carbohydrates 
of  the  absorbed  food  when  computed  to  the  basis  of  body  material  yielded 
for  each  day  the  following  amounts  of  energy:  From  protein,  171  calories; 
from  fat,  732  calories;  and  from  glycogen,  796  calories,  a  total  of  1699  calonee. 
The  agreement  of  the  energy  thus  computed  with  that  determined  from  the 
heat  of  combustion  of  the  food  and  feces  is  perhaps  as  close  as  could  be 
expected,  the  error  being  approximately  1  per  cent. 
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CHAXon  nf  BfWT-WnsHT  Coupabb)  with  Balakcx  or  Incom  and  Onraow 
The  comparison  indicated  b;  tho  above  heading  is  shown  in  table  148. 


Ineome: 

(a)  Food 

lb)  WftUr  coD«nmed. 

(e)  Ozjgen 

M)  ToUKfl+ft  +  e) 

(«)  Drina' 

(/)Fmm 

(f)  CkrtKtD  dioxide 

(A)  Water  of  THplratloB  tad  p«r- 

Bplimtlon 

(«  ToUl  (.+/+y  +  A) 

(J)OalD  (  +  )  or  )o«i  (— )  of  bodj 

material  (d-O 

(t)OalB  (+}  orloaal-)  of  bodj 
.  weight 


13T4.ao 
1091.10 

(37. aa 
S8sa.&s 

1958. iO 

ssiiss 


1874.20 
lots .60 
500.16 
SB17.8> 


1914  90 
1070.60 
607.08 
9861.78 

1865.80 
98,10 
008.80 


+  28B.10 
+  209 


3833.60 
8186.10 
16M.49 
8403. 19 

4456.50 

9S.10 

1790.19 


1^74.90 
1045.08 
511.50 
3880.78 

1486.16 


Balauck  of  Intake  and  Output. 

The  usual  division  of  the  balance  indicated  under  this  head  is  shown  in 

tables  149  and  160.    There  was  a  comparatively  large  gain  to  the  body  of 


Date. 

OntffOfroBthebodr. 

Balaooe  of  pi«tormed  water. 

W'^^er 
tloa 

Water 

nrlDe 
aodfeoea. 

0» 

Water  of 

and 

(el 
Total 

W+6l. 

water  In 

OUIRO. 

<e) 

InUke  m 
food  and 
drink. 

LoMOf 

ftm^d 

(d-«). 

MaT.lU13 

Mar.  13-18 

Mar.  18-14 

ToUl,8da7B. 

At.  par  day.. 

18B0.4 
11605.1 
488077" 
1096.0 

-^iTb 

583. S 
011.4 

1879.7 
3300.5 

Oramt. 
9130.6 
1078.6 

■9000.9 

Orawu. 
IMI.O 
1H4.0 
IWl.O 

Oroau. 

179.0 

•-986.4 

i        0.0 

Orow*. 
191.4 
1B4.1 
308. 0 

1810.5 
603.5 

6301.9 
3130.4 

6800.1 
1088.4 

6806.0 
1068.6 

•  -90.  S 
.-83.1 

591.1 

m.o 

<  Water  In  tecra  paaaed  od  the  third  day  aaamned  aa 


It  bu  been  aaaiuutd  that  the  fecea 
•  Oaln. 
■Water  of  teeea  taken  Into  aceoaat 


T2.4  vol  Gent  of  water. 


n  id>talnlD(  thia  amonat 


preformed  water  on  the  second  day,  while  the  losses  on  the  other  S  days  were 
small.     The  protein  balance  shows  a  daily  loss  throughout  the  experiment, 
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which  indicates  that  the  30.18  gramB  of  protein  as  body  material  fumiehed  by 
the  food  was  insiifficient.  There  was  an  average  lose  of  fat  accompanied  by  a 
large  average  gain  in  carbohydrates.  The  body,  however,  was  practically  in 
carbon  equilibrium.  The  energy  fumlebed  by  the  food  was  leas  by  154  calories 
per  day  tiian  that  actually  resulting  from  the  katabolism  of  body  material. 


Bod  J  protalD : 

(a)  Computed  from  aleinalitl  tb- 
•orbed  from  food grkins. . 

tA)  KaUbollied do.. 

(e)  Lou  to  body  (a— 6).,.. do.. 
Body  tat : 

(d)  Compated  from  •lementt  ab- 
■orbed  train  food gnmi. . 

(«)  EaUbollud do 

t/)GBlD(-K>OllOH  {'-)  to  bodj 

(<!—«) Krama.. 

Body  CBrbohydratSB: 

(fr)  Compnted  from  elementi  >b- 
•orbed  from  food. . .  .fcrkin*. . 

(A)  KtUboBlted do.... 

W  OalD  (4)orloH(-)  to  body 

(ff — ft) gram* . . 

■h: 

ij}  In  food  abaorbad grami. 

Ik)  EUiDlD>t«d  Id  arin* do. . . 

(I)  Qatn  (  +  )  or  Ioh  (-)  to  body 

(J—k) gram.. 

Eoergy  r 

(m)Of  food  abB0Tb«d  (detar- 

mlnsd) caloriei. . 

(n)  Heat  prodactlon  plna  poten- 
tial eoergy  of  ariDe.ealoTte*.. 

(o)  LoM  to  body  (m— n). .  .do. . . . 


80.18 

M.oa 

80.84 


SO. IS 
40.09 
10. 74 


00.04 
150.84 
00.80 


80.18 
00.88 
20.10 


800.04 
-78.30 


+  58.30 
3.40 


S040 
DBOS 


1088 
1880 
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Metabolism  Experiment  No.  77. 


This  experimeat  was  the  last  of  the  geries  of  calorimeter  experiments  made 
with  S.  A.  B. 

Fasting  experiment  No.  75  was  followed  by  the  3-day  food  experiment 
(No.  76)  reported  above.  The  latter  ended  at  7  a.  m.,  March  14, 1905.  From 
this  time  until  the  evening  of  April  7,  the  subject  ate  a  liberal  diet  freely 
selected,  and  was  engaged  in  light  occupation  about  the  laboratory.  During 
this  period  all  the  food  was  sampled  and  the  urine  and  feces  were  collected. 
This  food  experiment  outside  the  calorimeter  constituted  nitrogen  metabolism 
experiment  No.  1  reported  beyond. 

On  the  cTening  of  April  7,  S,  A.  B,  entered  the  calorimeter  chamber  with 
the  intention  of  making  a  lOnJay  fast  He  had  recovered  his  weight,  and  his 
general  physical  condition  seemed  good.  As  the  experiment  prc^ressed, 
however,  his  mental  condition  became  such  that  it  seemed  wise  to  discontimie 
the  fast  at  the  end  of  the  fourth  day.  This  accorded  with  the  wishes  of  the 
subject,  and  tiie  experiment  was  therefore  stopped  at  7  a.  m.,  April  12.  No 
food  was  eaten  in  the  calorimeter  following  the  fast,  but  a  second  nitrogen 
metabolism  experiment  was  carried  on  for  2  weeks  following  experiment  No.  77. 
(See  nitrogen  metabolism  experiment  No.  2  reported  beyond.) 

Notes  from  diary,  pulse  records,  and  records  of  body  movements. — The  notes 
from  the  subject's  diary  are  interesting  as  showing  the  condition  of  the  subject. 
Whether  the  symptoms  recorded  were  actual  or  the  result  of  hypochondria, 
the  diary  seems  to  offer  positive  evidence  that  the  subject  passed  a  most 
miserable  existence  in  the  calorimeter  during  the  time  of  this  experiment. 
The  statements  in  the  diary  are  more  or  less  in  accord  with  the  observations 
taken  by  telephone.  The  records  of  pulse  taken  as  heretofore  by  the  subject 
himself  and  the  record  of  body  movements  are  also  given  below.  Wide 
fluctuations  are  noticeable  in  the  pulse  rate  and  the  record  was  not  completed 
for  the  fourtii  day  of  the  fast. 


Ifotes  from  diary. 


April  7,  1905  (preliminary  nlgbt): 

Bp.  m.     Entered    calorltneter.     It   feels 
warm  tn  here. 
April  8.  1906: 

7*16"  a.  m.  Did  not  sleep  well.  Tongue 
coated  and  bad  taste  In  mouth 
wblch  I  have  not  had  since  last  ex- 
periment 

7>3E"  a.  m.  Defecation. 

10  p.  m.  Rave  passed  a  very  comfortable 


April  9.  1906: 

T'le*'  a.  m.  Slept  better  than  previous 
night.  Felt  too  warm  all  night.  My 
tongue  Ih  commencing  to  swell  and 
is  coated.  Sweet  taste  in  mouth. 
Removed  rectal  thermometer. 

7'30'°  a.  m.  I  feel  rather  weak  and  my 
nerves  are  unstrung.  T  am  chewing 
gum.  but  do  not  like  It  very  well. 

8^16°  a.  m.  Tried  to  defecate. 

8*18~  a.  m.  Commenced  wearing  rectal 
thermometer. 
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April  9,  IWG:  (oonL) 

Ils.in.  1  feel  very  sleepy;  will  He 
down  on  bed. 

1p.m.  Had  ■  2-liour  nAp;  feel  a  little 
better. 

8'6~  p.  m.  Rectal  thermometer  !■  cmm- 
mendac  to  feel  uncwmtortable. 

6*26"  p.  m.  Removed  recUl  thermomo- 
tor. 

6>30~p.m.  Dnmlt  water.  I  hloooosb 
and  feel  a  Ifttle  naose*. 

9*30*  p.  m.  Took  an  enema. 

11  p.  m.  The  weak  feeling  of  the  mom- 
Ins  Kradnally  paasod  away. 
AprU  10,  IMS: 

Tnca-m.  I  did  not  sleep  well,  aa 
wearmg  the  rectal  thermomet«r 
made  me  uncomfortable.  Uy  tongne 
la  swollen  and  coated.  Sweetish 
taste  In  mouth.  E^es  are  bright  and 
clear.  Do  not  feel  as  weak  as  yes- 
terday morning. 

10>B>  a.  m.   Feel  weak.    Will  lie  down. 

1  p.  m.  Slept  3  hours. 

2*ie-p.  m.  I  feel  a  lltUe  nausea  alter 
chewing  gum. 

8  p.  m.  Have  had  an  intermittent  pain  of 
the  heart  since  yesterday.     When 


pain  was  gone,  palpltatl<m  set  In  and 
head  would  commence  to  ache. 

11  p.  ro.  Have  bera  feeling  Indlspoaed  all 
day;  have  a  feeling  of  naneea.  Be- 
Here  I  made  a  mistake  In  fasting 
with  a  good  appetite.  All  the  other 
fasts  were  begun  with  no  appetite. 
April  11,  IWGi 

T'20~a.m.  Did  not  sleep  rery  well;  do 
not  feel  as  well  as  in  my  former 
taats.  My  heart  and  stomach  are 
acting  qneerly.  Feel  weak  and  can 
not  hold  np  my  head.  Tongue  swol- 
len and  aomewhat  coated. 

8  a.m.  Temperature  (sublingual)  98.6* 
F.  Hare  palpitations  of  the  heart, 
and  a  gnawing  at  the  stomach. 

11  a.  m.  Hare  been  sleeping  since  S'lB" 

11>16~  a.  m.   Hare  a  bad  headache. 
4*10"p.  m.    Feel  taint  and  dlziy;    my 

head  swims. 
6>C-  p.  m.  Feel  tstj  badly.  Head  Bwlnu, 

and  I  have  pains  from  the  back  of 

the  neck  to  forehead. 
T^BCp-m.  Felt  very  miserable  all  day. 

Was  taint  and  dlssy. 


Time. 

FulM) 
nte. 

Time. 

Fain 
rate. 

Time. 

PUlM 

Apr.  8,    7»80-».iu. 

8  30   t.m. 
10  00    t.m. 

13    00     DOOD 

9  10   p.m. 
4  00   p.u. 
8  00   p.m. 
8  00  p.m.. 

JO  08   p.m.. 
Apr.  0,    7  80    s.m. 

74 
OS 
«l 

«s 

so 

M 

67 
57 
53 
88 

Apr.  9,    6^00-a.m 
10  07    i.m 
4  00  p.m 
8  00   p.m 
8  00  p.m 
10  00  p.m 
Apr.  10,  7  80   •.» 

8  00    (.n 
10  00    *.m 

9  00    p.m 

83 
09 
«9 
00 
01 
03 
84 
68 
89 
78 

Apr.  10,  4»0»-p,ni.. 
8  00   p.m.. 

10  00   p.m.. 
Apr.  11,  7  30    ■.m.. 

8  00      ■.!!).. 

11  05    s.m.. 
1  10    p.m.. 
5  80    p.m.. 

84 
70 
86 
86 
84 
73 
«9 

■PniM  Ukeo  whU*  Biitlng. 
Mov9ment»  of  tubfect,  duration  |  ilav>  front  Apr.  8,  7  a.  m.,  to  Apr.  It,  7  a.  m.,  1905. 


Aprils. 

A.  M. 

A.M. 

7*88- 

telephone. 

9'52- 

drink. 

riae.  open  curtain. 

10  00 

count  pulse. 

urinate,    weigh 

Just      thennome- 

10  04 

,  self,  etc 

dress,    raise   table. 

read. 

1»  08 

read. 

alt,  read. 

8  20 

count  pulse. 

10   18 

pUy  mandolin. 
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Movffmeittt  of  »ubfect. — CoDtinued. 


April  8  (cant) 

A.U. 

11'  H"  rlM,  moT«  About 
11   18    sit 

11  48     reel  bead  on  ■rms. 

12  00    count  pulM. 
p.  u. 

12^02-  food  apertnn. 
IS  OS     food  ■perturfl,  tele- 
phone. 
12  SO     food  aperture. 
12   24     read. 
12  40    drink. 
12  60     asleep    -with    head 

1  04  more  about,  uri- 
nate. 

1  06  food  aperture. 

1  10  more  about  move 
cbalr,  alt 

1  18  read. 

1  3S  food  aperture. 

1  30  write. 

1  42  telephone. 

I  46  telephone. 

1  48  write. 

2  10  connt  pulse. 
2  30  drink. 

4  00  count  pulae. 

4  04  Btand. 

4   08  Btand,  doctor  count 

pulse. 

4  10  drink,  sit 

4  16  food  aperture. 

4  18  telephone. 

4  20  food  aperture. 

4  2«  read. 

G  04  move  about  uri- 
nate. 

B  06  drink. 

6  06  Bit 

B  08  read. 

6  00  connt  pnlae. 
e  35  drtnk. 

7  02  urinate. 

7  04     telephone. 

7  05    food  aperture. 

7  14    telephone,  food  ap- 

7  SO    food  aperture. 

7  50    move  about 

5  00    count  pulse. 

8  12     telephone. 
8  40    drink. 

10  OB  count  pulse. 
10  07  drink. 
10  10  rise,  urinate. 
10  12  lower  Ubie. 
10  16  open  bed, 
mandolin. 
14 


play 


10*30°"  atop  playing,  re- 
cline. 

11  04  rise,  undress,  urt- 
nate,  retire. 


7*  00"  rise,  urinate. 
7  09  }  ^^'K"*  sell,  etc. 


7  16 
'   16 


ter. 


telephone. 

7  18  food  aperture. 

T   20  drink. 

7  S2  food  aperture. 

7  60  drink. 

7  68  food  aperture. 

8  00  count  pulse. 
8  04  read. 
8  12  move  about 
8  IB  attempt    to 

cate. 

8  18  adjust     thermome- 
ter. 

8  20  telephone. 

8  22  read. 

S   26  drink. 

8   40  food  aperture. 

8  42  read. 

9  02  head  on  Uble. 
9   10  read. 

9  SO  drink. 

10  07  count  pulse. 

10  16  telephone. 

10   18  food  aperture. 

10  22  asleep. 

11  00  more  about  drink. 
11  02  rise,  move  about 
11  04  lower  table. 

11   06  open  bed,  urinate. 

11  08  He,  asleep. 

11   S6  turn  over. 

P.M. 

I'OO*  rise,  count  pulse. 

1  04  food  aperture,  lie. 

1  08  telephone. 

1  12  food  aperture. 

1  14  move  about 

1  16  lit. 

1  IS  rise. 

1  20  He. 

1  22  read. 

1   42  sit 

1  44  told      bed, 
Uble. 

1  46  sit  read. 

2  04  tsleplLOne. 


raise 


?08- 

read. 

3  02 

write. 

3  06 

drink. 

3  06 

read. 

3  16 

telephone. 

3  18 

stand. 

3  24 

move  cbalr,  sit 

3   26 

doctor  count  pulse. 

3   30 

food  aperture. 

3   32 

sit  read. 

4   00 

count  pulse. 

4    28 

telephone. 

1   30 

rise,  move. 

1    32 

sit,  blood  sampled. 

4    36 

rise. 

4    38 

qutet 

4   40 

food   aperture,   sit 

read. 

6   06 

head       on       table. 

asleep. 

5   20 

sit  write. 

6   22 

remove    thermome- 

ter. 

6    26 

rise,  move  about 

6   28 

food  aperture,  uri- 

nate. 

B  30 

drlDk,       lean      on 

toble,  write. 

6  32 

stand. 

6  36 

sit  bead  on  Uble. 

6  38 

sit  food  aperture. 

E  40 

move    about,    food 

aperture. 

6  42 

move  about  sit 

B   60 

drink. 

6   64 

food  aperture. 

B   BS 

sit,  read. 

6   00 

count  pulse. 

7    02 

urinate,  food  aper- 

ture. 

7   0» 

7   16 

telephone. 

7   18 

move  about 

7   46 

drink. 

8  00 

count  pulse. 

8   33 

telephone. 

9  06 

food  aperture. 

9  08 

move    about,    open 

music  rack,  play 

mandolin. 

9   IS 

telephone. 

9   14 

9   24 

food  aperture. 

9    26 

move  about 

0  28 

coat  oft,  dose  cur- 

tain. 

S  32 

enema,  defecate. 

9  48 

open  curUln,   coat 
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Movementt  of  **^Sect. — ContiaatA. 


April  9  (conL) 

P.M. 

u. 

P.M. 

3*18- 

food  aperture,  lit. 

8»08- 

rest 

»*60- 

telephone. 

read. 

8 

12 

■write. 

»  52 

play  m&Ddollii. 

S   42 

8 

14 

lower    Uble,    open 

10  00 

count  pulse. 

3    44 

read. 

bed. 

10  12 

mudolln    In   case, 

3  B2 

telephone. 

8 

16 

He. 

fold  rack. 

3  54 

BUnd. 

8 

18 

1«  14 

moTs  about,  drink. 

4   00 

Bit 

8 

20 

asleep. 

lower  Uble,  open 

4  02 

rise,  food  aperture. 

11 

OS 

awake,  lean  on  el- 

bed, recline. 

sit   doctor   count 

bow. 

11  00 

adjust     thermome- 

pulse. 

11 

04 

sit 

ter. 

4  06 

food  aperture,  sit 

11 

OE 

count    pulse,    Uke 

11  04 

more    about,    uri- 

4 08 

count  pulse. 

Umperature. 

nate,  undreBB, 

4  10 

drink. 

11 

10 

food  aperture. 

close  curtain. 

4    20 

rise,  urinate. 

11 

12 

April  10. 

4   22 
1   28 

food  aperture,  sit 
read. 

11 

14 

ter. 
lie. 

A.M. 

4   42 

asleep. 

11 

16 

drink. 

TOO- 
7  04 
7  08 

rise,  urinate. 

B   00 

sit 

11 

23 

telephone. 

weigh  self,  etc. 

6   02 

rise,  lower  table. 

11 

34 

sit  write. 

S   04 

open  bed,  He. 

11 

36 

tie. 

7   12 

raise  table. 

6  10 

aeleep. 

11 

44 

Bit 

7   14 

move  about,  Bit 

6  20 

awake,  lean  on  el- 

11 

50 

read. 

7   IB 

drink. 

bow 

7    18 

food  aperture. 

6   22 

lie. 

12   oi- 

recline, read. 

7    21 

food  aperture. 

6   24 

sit.  food  aperture. 

ls 

06 

telephone. 

7   24 
7   30 
7    46 

telephone, 
count  pulse, 
sit,  write. 

6  26 
6  30 

He. 

take  temperature. 

12 
12 

12 

SO 

sit  read, 
recline,  read. 

7  80 

take  temperature. 

12 

26 

He.  asleep. 

8   00 

count  pulse. 

7   E5 

drink. 

1 

00 

Bit,    rise,    urinate. 

9  32 

drink. 

8  02 

sit,  count  pulse. 

take  temperature. 

9  34 

wrlt«,      head      on 

8  2G 

write. 

1 

04 

move     about     sit. 

Uble. 

8    26 

food  aperture. 

food  aperture. 

9  36 

doze. 

8   28 

telephone. 

1 

10 

count  pulee. 

10  00 

count  pulse. 

8    30 

He. 

1 

18 

He. 

10  04 

BiL 

9   08 

food  aperture. 

1 

24 

more  about  drink. 

10  OS 

drink. 

9   IE 

1 

26 

asleep. 

10   08 

rise,    move    about, 

10   00 

count  pulse. 

3 

00 

turn  over. 

nrlnate. 

11  00 

take    temperature, 

3 

02 

telephone. 

10   10 

lower  table. 

write. 

3 

06 

Btand. 

10   12 

open  bed,  lie. 

11  OS 

rise,     urinate,     ar- 

3 

OS 

sit    doctor    count 

10   30 

telephone. 

range  bed. 

pulse. 

10  33 

sit.  food  aperture. 

11  04 

nndresB,  retire. 

3 

10 

sit 

10  34 

asleep. 

.Ipril  11. 

3 

12 

recline. 

A.M. 
7»00- 

3 

14 

telephone. 

I'OO- 

wake,  rise,  food  ap- 

rise,  urinate. 

3 

4 

16 
00 

11& 
sit 

1  04 

urlnate. 

5  21}  weigh  self,  etc. 

4 

02 

lie. 

1  06 

2  00 

He. 

count  pulse. 

7  10 
7   12 

dress. 

ralee  table,  sit. 

4 
4 

06 
10 

sit. 
write. 

2  02 
2  06 

rise,  move  about, 
telephona 

7   16 
7    18 

rise,  food  aperture, 
sit. 

4 
4 

12 
14 

lie.  Bit. 
stand.  Bit 

2  OS 

write. 

7   20 

drink. 

4 

16 

He. 

2   IE 

drink. 

7   22 

comb  hair. 

4 

24 

Bit  recline. 

2    28 

read. 

7   30 

count  pulse. 

4 

26 

Bit 

2   36 

head  on  table. 

7   38 

head  on  Uble. 

4 

32 

lie. 

2    46 

sit. 

8  00 

count    pulse,    take 

4 

3S 

turn  over. 

3  02 

telephone. 

temperature. 

4 

42 

turn  over. 

3  04 

rise,    stand,    blood 

8  04 

bead  on  Uble. 

5 

00 

lean  on  elbow. 

8  06 

sit 

6 

04 

sit 

Dioiiizeab,  Google 
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April  11  (cont.) 

p 

M. 

p 

M. 

P.M. 

6'02- 

Ue. 

7»60" 

drink,  write. 

B'06- 

6 

04 

Bit 

9 

02 

alt 

6  10 

Bit,  head  on  banda. 

6 

06 

write. 

9 

04 

telepbone. 

6  12 

He. 

6 

08 

food  aperture. 

S 

06 

alt. 

e  18 

Bit,  more. 

6 

10 

eat  Ice. 

9 

14 

rise,  read. 

G   20 

alt,  write. 

6 

12 

telephone. 

9 

36 

telepbone. 

6   22 

take  temperature. 

6 

16 

food  aperture. 

9 

40 

sit.  read. 

G  2* 

Bit,  coant  pnlae. 

6 

18 

read. 

10 

00 

tie. 

He. 

6 

22 

lean  on  elbow. 

10 

04 

rise,      open 

bed 

G  38 

•It,  telephone. 

6 

44 

telephone. 

move  about. 

G  40 

He. 

7 

02 

telepbone.  food 

ap- 

10 

08 

Bit. 

6  14 

Bit,  food  aperture. 

ertura 

10 

18 

write. 

G  46 

drlnlc,    food    aper- 

7 

04 

rise,  urinate. 

10 

32 

lie. 

ture. 

7 

06 

Bit,  read. 

11 

02 

rise,   undress. 

url- 

6  60 

Bit. 

7 

08 

drink,      telepbone. 

nate. 

G  G4 

recline. 

11 

04 

close  curtain. 

Drinking-water, — The  qnantities  of  drinking-water  consumed  are  recorded 
in  table  151,    Ab  in  experiments  Nob.  75  and  76,  the  subject  measured  the 


Tahu  161. — Becord  of  water  conntmed — Metabolism  experimeta  So.  77. 


Date. 

7to> 

Btoll 

tlA-ni. 

lto8 

atoB 

StoT 

Tto» 

BtoU 

a.m. 

a.m. 

p.m. 

p-m. 

p.m. 

p.m. 

p.m. 

uoa. 

Oram. 

Orami 

Grant* 

Oramt. 

Orama 

Onima 

Oramt. 

OniM. 

Apt.    a-9.... 

395,7 

175.0 

S8I.B 

300.0 

SOT. 6 

176.0 

l!38.8 

Apr.     9-10... 

897.  B 

200.0 

197.1 

17S.0 

234.9 

SOO.O 

196.1 

1598.9 

Apr.  10-11... 

175.0 

319.8 

880. 0 

144.1 

830.8 

1018.7 

Apr.  11-13... 

176.0 

110. 1 

190.7 

77.8' 

893.9 

983.0 

*  Includes  61.4  gramB  Ice. 

amount  of  water  each  time  he  drank  eo  that  the  quantities  consumed  from 
period  to  period  are  definitely  known.  The  amounts  diminished  from  day  io 
day. 

A  amall  portion  of  ice  eaten  on  the  last  day  of  the  experiment  is  included 
in  the  amounts  recorded  in  the  table. 


In  this  experiment,  owing  to  pressure  of  other  work,  no  analyses  were  made 
of  the  urine  for  different  periods  of  the  day  though  the  usual  method  of 
collecting  the  urine  was  followed.  The  specific  gravity  and  reaction  were 
determined  only  for  the  daily  composites  and  not  by  periods  as  heretofore. 
On  all  days  the  reaction  was  acid. 


Digitized  by  Google 
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The  amounts  of  urine  by  periods  were  aa  follows : 
Weight  <mif  apedfic  ffravity  of  urine  by  period* — Metaboliem  experiment  So.  Tt. 


7Lm.to 

lloT 

TtoU 

tofi 

Dite. 

1P.D1. 

p.m. 

p.m. 

fordar. 

Brmrt^. 

Oram: 

OnuM 

Oramt 

Orawu. 

Oram* 

8-  a 

76S.B 

«00.8 

G02.3 

713.0 

2S70.8 

1.0078 

Apr. 

9-10 

Sfl3.4 

411. S 

318. D 

084,4 

8177.8 

1.0101 

Apr. 

10-11 

988,3 

401.* 

360.1 

B79.8 

1674.8 

I.OISB 

Apr. 

11-13 

S19.1 

Sll.O 

1TB.  4 

3GB.  6 

116B.8 

1.0178 

DetermiDations  were  made  only  on  the  composite  samples  for  each  day. 
These  include  the  inorganic  and  ethereal,  and  neutral  sulphur  and  preformed 
creatjniiie  and  creatine.  The  total  weights  of  materials  excreted  are  recorded 
in  table  153. 


(a)   Weight K»>D|. 

(6)   W»t<r do., 

(e)    Bollda,  a— t do.. 

W)  Art do., 

(')  OrgftDtc  matter,  e—d do., 

(/)  Nitrogen do , . 

Or)  Carbon do. . 

lA)  Iljdrogentnorgtnk matter do. . 

W  Oxygen   (bj   dlffervDce)   In   organic 

matter,  t—lf-¥g'¥h) granu. 

U>  Pboaphomi do. . 

Pboapboric  acid  (P.O,) : 

(k)  B;  iQBlon do.. 

(I)  By  titration do.. 

(m)  Snlphnr do. . 

Snlpbar  trioxlde  (80.) 

(■)  Total do.. 

(o)  Inorganic  and  ethereal. do.. 

<p)  Nentral,  it-o do.. 

Iq)  Creatinine  (preformed) do.. 

(r)  Total  craatlDtoe do. . 

<«)  Creatine'  (preformed)  r—g do.. 

(0  Chlorine do, . 

(k)  Sodlnro  chloride do.. 

M  Heat  of  combnatlon calorlea. 


3670.8 
3538.16 
43.15 
18.88 
88.87 
8.81 
7.87 
3.0« 


9^ 

B177.B 
3138.04 
64. M 
11.08 
48. BB 
10.78 
18. H 
8.05 


1574.8 
1B30.80 
54.00 
10.65 
48.46 
10.98 
18.70 
8.09 

15.78 


■tSS: 

1160.8 
1103.01 
64.69 
S.U 
45.45 
11.45 
14.67 
8.84 


1.898 
1.839 
.808 
1.037 
1.848 


Idayl. 

7478.8 
7378.40 
805.40 
46.55 
169.86 
43.03 
60.18 
11. S4 


9.769 
10.858 
9.476 

6.179 
6.10S 
1.018 
4.046 
6.464 
1.409 
9.5S1 
15.799 
574 


1  Id  termi  of  creatinine. 
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The  tot&l  amonnte  per  day  of  water  of  reepiration  and  perspiration  remained 
mndt  more  nearly  constant  than  for  the  correaponding  4  days  of  any  preceding 
experiment. 


(a) 

(b) 

(a) 

0>) 

To>ai 

Total 

am'Dt 

Total 

ToU 

of 

water 

Date. 

Perioa. 

IS" 

cbam- 

of 

Date. 

Perioa. 

eham- 

raiplia- 

bw 

and 
per^l- 

tM-r 
at  end 

perapl- 

o( 

raUoD.' 

of 

laUoiu' 

peHod. 

period. 

WB. 

Oraau 

OrwM. 

U08. 

%r? 

•"S^ 

Apr.  8 

80.0 

Apr.  10-11. 

7  a.m.  toO  a 

88.0 

66.4 

Ia.in.to8a.m 

80.8 

n'.o 

9e.n).   11  ■ 

m. 

98.9 

47.S 

8i.m.     Sa.m. 

84. » 

77. « 

11a.m.      Ip 

m. 

96.1 

50.8 

6  a.m.      7a.m 

80.8 

flfl.B 

1p.m.      8p 
8p.m.      6p 

m. 

96.8 
97.0 

84. T 
40.0 

Apt.  8-».. 

Total «  bosT* 
Tam.  toOa.m. 

939.1 

6p.m.     7p 
Tp.m.     Op 

94.6 
M.7 

60.1 
51 .6 

88.0 

74.0 

0a.m.    lla.m 

81.8 

«0.4 

9p.m.    lip 

94.0 

59.1 

H.8 

H.S 

11p.m.      1a.m. 

86.1 

48.0 

lp.iiL     8p!m 

S8.S 

8T.7 

1  a.m.     8  a.m. 

96.8 

63.6 

8  p.m.      5p.m 

SB.6 

H.7 

8>.n.      6  a.m. 

90.0 

46.0 

6  p.m.     7p.m 

7  p.m.     Op.m 

84.6 
S8.» 

64.9 
68.7 

Total 

BT.O 

58.0 

017.5 

9  p.m.   11  p.m 

sn.B 

48.4 

Itp.m.      lB.m. 
1a.m.     8a.m 

84.8 

89. S 

Apr.  11-19. 

7a.m.to9a.m. 

30.8 

80. S 

36. 0 

47.7 

0  a.m.    11a.m. 

36.0 

61.4 

8  a.m.      6a.m 

Mt.O 

87.8 

lta.m.      1p.m. 

27.0 

40.1 

Sa.m.     7a.m 

88.7 

58. S 

1p.m.     8  p.m. 
8  p.m.     6  p.m. 
8  p.m.     7  p.m. 
7  p.m.     0  p.m. 
9p.m.   11p.m. 
11p.m.     1a.m. 
1a.m.     8  a.m. 

94.8 
90.7 
27. S 
94.4 
94.0 
94.0 

BO. 8 
47.1 
60.4 
BO. 8 
67.9 
68.0 

Apr.  0-10. . 

ToUl 

7a.m.to9a,u. 
»a.m.    lla.m 

660,0 

82.7 
87. 8 

77.8 
48. 4 

llB.m.     lp.m 

84.4 

80!l 

90.6 

B4.7 

1p.m.     Sp.m. 

27.8 

8  a.m.     ea.m. 

98.3 

60.0 

8  p.m.     6p.m 
Bp.m.      7  p.m 
Tp.m.     Op.m 

2S.1 

47.8 
48  8 

6  a.m.     T>.m. 

96.8 

53.0 

8s!o 

54.8 

ToUI 

690.6 

0  p.m.    11  p.  m 

sa.8 

88.8 

11p.m.      la.m 

84.8 

88.1 

l![.m.      8a.m 

87.9 

60.0 

Sa.m.     5a.m 

34.8 

61.3 

Sa.m.     7a.m 
Total 

3«.8 

47.0 

887.7 

>  AilovraiiM  baa  been  made  tor  water  lost  from  the  cbatr,  _ 
artlelee  aa  followi :  April  8-9,  28.12  grtmu  ;  April  ^lO,  B9.02  Krami 
April  11-12,  2S.22  Brama. 


beddlu. 
a;  April  1 


d  by  Google 
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Date. 

Puiod. 

Cvbon 

Ittaiid.. 

o_           1 

AJS^tia 

T?tl, 

«     ^.a 

J^M 

a"?^^ 

^^ 

M«Dd*^ 

p«riod. 

p«iod. 

brmAi"*- 

''IBOe. 

gl^HI. 

Onm*. 

LUm. 

OtHH. 

Apr.   8 

1  a.m... 

20.4 

960.3 

1  a.  m.  b)    3  a.m.. 

19.4 

ii'.i 

966.4 

37;6 

3  a.  m.         6  a.  m. . 

18.1 

42.3 

956.9 

37.1 

Apr-  8-9 

6  a.  m.         7  a.  m. . 

Total 

7  a.  m.  to    9  a.  tn.. 

20.2 

45.3 

970.3 

36.3 

129.5 

110.4 

26.9 

65.6 

960.6 

60.9 

9  a.iii 

11  a.  m.. 

27.3 

56.4 

963.6 

61.6 

1  p.  m. . 

21.6 

48.6 

968.6 

45.0 

Ip  m 

3  p.m.. 

22.2 

52.9 

966.9 

49.0 

3p 

6  p.m. 

23.2 

53.6 

974.0 

47.2 

5p 

tn 

7  p.  m. 

19.9 

46.1 

973.7 

45.7 

7p 

9  p.  m. 

20.7 

50.6 

984.0 

45.2 

9p 

11  p.  m. 

23.8 

51.9 

978.6 

62.8 

U  p 

1  a.m. 

ia.6 

38.4 

985.8 

32.5 

1  a 

3  a.m. 

18.3 

39.6 

983.0 

36.4 

3  a 

m 

5  a.  m. 

19.3 

48.2 

983.1 

46.2 

Apr.   9~10   .. 

5  a 

m 

7  a.m. 

22.9 

47.7 

984.7 

43.6 

Total 

7  a.  m.  to    9  a.  tn. 

£99.5 

....  1        656.0  1 

25.6 

65.9 

974.4 

68.S 

9  a 

11  a.m. 

23.1 

43.6 

981.8 

40.0 

11  a 

1  p.  m. 

17.4 

38.4 

982,1 

41.3 

IP 

3  p.m. 

24.S 

54.6 

975,1 

51.8 

3p 

6  p.  m. 

25.2 

45.4 

970,8 

62.6 

5p 

m 

7  p.m.. 

25.1 

48,4 

976,2 

50,6 

7p 

9  p.  m . . 

22.1 

62.8 

983,3 

50.9 

9p 

U  p.  m. 

27.7 

62.6 

989,6 

61.3 

Up 

1  a.m. 

16.1 

37.6 

977.7 

27.6 

1  a 

m 

3  a.m.  . 

31,3 

42,1 

971,6 

48.8 

3  a 

6  a.  m. . 

19.7 

42,3 

977,0 

33.9 

Apr.   10-11... 

Sam.         7  a.  m.  . 

Total 

7  a.  m.  to    9  a.  m.  . 

21.8 

43.3 

988,8 

44,2 

676.9 

.... 

671.6 

27.0 

63,1 

947.6 

70.0 

9  a 

11  a.  m.. 

25.2 

47,5 

950.0 

43.1 

11  a 

m 

1  p.  m. . 

18.7 

40,9 

962,8 

30,2 

IP 

m 

3  p.m.. 

21.0 

50,2 

936,6 

39.1 

3p 

6  p.  m. . 

23.9 

50,1 

927.0 

49.3 

5p 

7  p.  m.. 

18.7 

41,8 

931.0 

40,2 

7P 

m 

9  p.  m. . 

20,9 

48,3 

031,3 

46.4 

9P 

11  p.m.. 

20,4 

47.0 

931,2 

46.3 

lip 

tn 

1  a.  m. . 

20,6 

40,1 

920,2 

35.7 

1  a 

m 

18.3 

42,6 

928.1 

41.6 

3  a 

m.         5  a.  m. . 

21.6 

41.6 

921.3 

41.4 

5  a 

m.         7  a.m.. 

21.0 

43.6 

916.0 

47.4 

Toti 

il 

656.8 

530.7 

Dioiiizeab,  Google 
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Data. 

PMtod. 

CMboo 

d(oiid«. 

OXTICB. 

»„^S.\.„ 

rSi. 

A»^tl. 

4S- 

.tr.^ 

::^ 

Apr.    11-19... 

7  a.  m.  b 

9  a.  m. . 

27.2 

62.8 

914.9 

44.8 

9  a.  m. 

U  a.  in.. 

20.0 

41.2 

924.9 

38.7 

It  a.  m. 

4B.4 

917.3 

1  p.m. 

3  p.  m. . 

18.5 

40.5 

921.2 

37.2 

3  p.m. 

5  p.  m. . 

24.0 

45.9 

914.7 

45.0 

iSp.  m. 

7  p.m.. 

912.2 

7  p.m. 

9  p.  m.  . 

17.0 

42.8 

920.4 

36.7 

9  p.  m. 

11  p.  m. . 

19.7 

52.1 

913.5 

56.3 

11  p.  m. 

43.4 

921.2 

iJLin. 

3  a.m.. 

18.6 

40.2 

913.0 

41.4 

3  a.m. 

e  a.m. 

20.5 

45.1 

915.0 

60.7 

Total. 

19.8 

42.6 

923.6 

544.7 

631.6 

BUKKHTfl  KATAB(«JZD  IM  THX  B(»T. 


The  elements  kaUbolized  in  the  body,  obtained  by  the  methods  previously 
described  are  gnea  in  table  156. 


TABLa  166.— fleinenu  KotaDolbvd  In  hoAy—ltetaiMinn  ftrji«riment  2io. 

n. 

inicht. 

N^ 

Cuboo. 

nX- 

Fint  aav,  ±vr.  8.  190S. 

Ormnt. 
650.02 

OrmH. 

Oramt. 

Oraaw. 

.... 

Oramu. 
666.02 

Orwu. 

2528.15 
42.15 
069.61 
599.46 

8.81 

163149 

282.90 
2.06 
74.93 

2246.25 

9.43 

694.68 

436.97 

13:88 

Wsterof  reapiratioa' 

Total 

3839.37 
3283.36 

8.81 
8.81 

171.46 
171.46 

359.89 
359.89 

3266.33 
2729  31 

13.88 
13.88 

Lo» 

Second  dav.  Apr.  9.  1906. 

Income:  Oxygen  from  air 

Outio: 

671.66 

.... 

671.65  i    .... 

2122.94 
54.66 
637.73 
676.90 

10  ire 

is!  94 
16?! 34 

237.56 
3,06 
71.36 

1885.38 
14.91 
668,37 
419.56 

liigs 

Total 

S392.23 
2820.68 

10.78 
10.78 

171.28 
171.28 

311.97 
311.97 

2886.22 
2314.67 

11.98 
11.98 

>  InelDdM  tlM  water  of  penplraUon. 


Digitized  by  Google 


Influbnob  of  Inakitioh  on  Mbtabolisu. 


Tabu  156.—XlemenU  katabolisea  In  tody— Continued. 


M. 

am. 

A- 

Third  dav.  Apr.  10.  190S. 

iDcome:  Oxygen  from  air 

Outgo: 

Onmt. 
530.72 

UnmM. 

OWM. 

Orww. 

Oranu. 
630.73 

Owu. 

1520.30 
M.OO 
617.52 
fi5ft.62 

l6!98 

is!  70 
151 ! 80 

170.12 
2.90 
69.10 

1350.18 
16.78 
548.42 
404.82 

l6!66 

Total 

2748.44 
!217.72 

10.98 
10.98 

165.50 
165,50 

242.21 
242  21 

2319.20 
1788-48 

10.65 
10.55 

Fourth  day.  Apr.  il.  190S. 

Inoome:  Oxygen  from  air 

Outgo: 

531.60 

631.59 

.... 

1102.01 
54.59 
626.56 
54*. 74 

li!45 

14!67 
lAS.BB 

123.31 
3.24 
70.11 

978.70 
16.19 
656.46 
396.18 

oiu 

Waterof  reroiration' 

Total     

2327.00 
1796.31 

11.46 
11.46 

163.13 
163.13 

196.66 
196.66 

1947.62 
1415.03 

0.14 
9.14 

Elemenit  and  materials  hatdbolited  in  the  body. — A  Bommary  of  the  elements 
katabolized  and  the  compoanda  computed  from  them  is  given  in  table  156. 
The  high  carbohydrate  katabolism  on  the  third  and  fourth  days  ia  of  especial 
interest  ae  compared  with  results  in  other  fasting  experiments. 


Tabu  lM.-~Blemmtt 

and  materialt 

koteboHMd  In 
WO.  77. 

Date. 

(a> 
Mltro- 

«W1. 

m 

CarboD. 

Hydro- 
sen. 

IS. 

WatOT. 

PniMlD. 

(0) 

Fat. 

(O 

Apr.  *^'  9. . . . 
Apr.     9-10  ... 
Apr.  10-11.... 

Apr.  u-ia.... 

Total,  4  da7i. 

Oramt. 

8.81 

10. ra 

10.98 
U.4H 

171.88 
IAS. 60 
168.18 

la-Si 

811.97 
Ml). 31 
198.06 

28U.67 
lT8)i.48 
141S.98 

9568.36 
ItMn.TS 

16*0.46 

64.68 
66.88 
68.70 

lln?- 

171.88 
187. 6S 

ue.8B 

14.88 
68. 93 
39.31 

WIS- 

11.66 
10.58 
9.14 

4S.03 

871.87 

1110.78 

81148,811 

IW84.S8 

S93.I9 

894.SS 

196.68 

45.68 

a  b,  Google 


MSTABOLISH  EXFEBIUENT  Ko.  11. 


DUa. 

Oatfo  from  the  tM>d7. 

Bktuoa  Of  pratOTDWd  watM. 

(0> 
o"<K 
tioaot 

Wat«r 

Total 
(a-l-li)- 

St 

ouWo.1 

iDteke 

If} 
LoMOf 

Apr. 
Apr. 
Apr. 
Apr. 

T 
A 

1M6l 

Onwu. 
2SdS.)l 
ai8S.9 
1690.8 
1109.0 

8eH.fl 

887.7 
817. 6 
098.  S 

Oram: 
8l»7.8 
9780.8 
S1S7.8 
1798.8 

9980.8 
SSSS.S 
1945.7 
1A40.4 

8048. 8 
I5B9.0 
IDIg.7 
M9.0 

OniM. 

208.0 
808.8 
198.1 
188.9 

906 
927 
578 

4 
0 

4 

oUl  for  4  Anji. . . . 
Ter*gep«rd»y  ... 

7978.4 

leie.s 

9SM.4 
SS7.g 

S894.8 
3Ufl.9 

9084.9 
8258.8 

669 t.B 
1405.5 

8418 
868 

* 

790.8 
197.8 

beeD  mada  for  water  In  feeea  paaaed  oo  tbe  tint  and  aecond  day*. 
Chamobs  nr  B<M>T-WneHT  CoicpAxn>  with  Baluice  or  Incoifs  Aim  Ouioo. 
The  balance  of  mcome  and  outgo  is  compared  vith  the  flnctnations  in 
body-weight  and  as  in  the  other  fasting  ezperimeDts  the  feces  passed  during 
the  experiment  have  not  been  inclnded  in  obtaining  tbe  outgo.  The  com- 
parisons of  the  measured  and  computed  losses  show  unsatisfactory  agreement 
on  the  first  2  days. 


t^'. 


Inoome : 

(a)  Watar  eonaoned 

(WOxystea 

(e)  Total  (0  +  6) 

<d)Dri]ia> 

U)  Fftcea' 

(/)  Carbon  dioxide 

(g)  Water  of   respiration  aod   per- 

WToUl  {d+/+g)'.'.'.'.'.'.'.','.'.'.'.'.'.'. 

(1)  Loaa  of  bodj  material  (e—h) 

{JiLoit  of  bod;  weight 


9046.90 
56S.09 
9804.93 


989.00 
881.69 
1498.69 


6«9,8t 
8888.87 
764.15 


617.69 
8058.94 
1608.89 

1509 


8,661.48 

18,189.44 

1,877.76 


1640.08 
44.98 
889.48 

087.85 
3047.88 
1094.44 
1074 


■  The  data  In  thia  lioe  aboald 
explaoatloii,  p.  60. 

■  Not  Included  In  the  total  ootgo.     Bee  p.  120. 


be  MDfoDDded  with  urine  data  Is  ether  tablea.     Be* 


d  by  Google 


Infldenob  or  Ihanitioit  on  Mbtabolish. 


(o) 

(W 

«) 

«t> 

Date. 

Period. 

Baat 

^\. 

OOTTM- 

Total 

urediD 

IK.'S" 

^Sr 

"gT 

wal«T. 

"""■' 

(tH-b+«i. 

im. 

Prallmlnifj : 

Oaloriet. 

OtloriM. 

Oalorto*. 

Otorta. 

Apr.  S 

Ift.m.  to  8t.m... 

77.9 

tt.t 

'+   7.9 

•180.6 

SB.in.       Sft.m... 

78 

45.0 

"+18.0 

•184.1 

Apr.  8-» 

5».m.       7».ni... 

90 

80.4 

■-to. 4 

■100.0 

7» 

rotal 

948 

m.s 

•-  1.8 

•878.7 

m.to  9i.m... 

180 

e 

45.1 

-80.0 

106.6 

»tL.tn.     lt*.iii... 

147 

87.0 

+   1.4 

18B.7 

llB.ni.       Ip-m... 

180 

M.7 

-  5.0 

158.0 

1pm.       8p.m... 

ISB 

8B.4 

-     .0 

IM.B 

8p 

m.       Bp.m... 

ise 

88.8 

-     .5 

160.9 

m.        7p.m... 

188 

88.8 

-     .3 

171.6 

7P 

m.        «p.m... 

199 

88.0 

-19.6 

149.5 

Sp 

m.      11p.m... 

185 

88.1 

-10.8 

148.8 

Up 

m.       1a.m... 

88 

88.8 

+  18. 8 

111.7 

I> 

m.       8  a.m... 

78 

99.5 

+  13.9 

190.0 

8*.m.       Sft.m... 

98 

85. 8 

+  88.7 

167.3 

Apr.  9-10 

Ba.m.        7^m.., 

106 

84.0 

+  10.8 

150.0 

Tft 

roUl  

1400 

411.8 

-  6.8 

1874.4 

m.  to9».m... 

187 

T^ 

4H.0 

-40.9 

10S.4 

Vft.m.      ]lk.m... 

180 

80.0 

-18.0 

158.4 

ll».m.        lp.m... 

101 

SI. 8 

+  8.8 

141.8 

1p.m.        8p.m... 

143 

81.0 

-  8.1 

10B.6 

8p 

m.       Bp.m... 

148 

80.9 

+  0.0 

188.0 

6p 

m.        7  p.m.,. 

IRB 

80.  B 

-  8.7 

168.4 

'P 

m.       9  p.m... 

IIT 

84.4 

-11.9 

189.6 

9p 

m.      11p.m... 

1S8 

86.4 

-SB.O 

100.8 

lip 

m.        1a.m... 

81 

SS.8 

+  16.9 

180.8 

1. 

m.        8  a.m... 

»4 

83.0 

+  9.8 

186.6 

8  a.m.        6>.m... 

100 

88. 8 

+  99.7 

100.0 

Apr.  10-11.... 

fi>.m.        7  a.m... 

103 

80.8 

+  10.8 

150.0 

1 

otal 

1607 

I              400.8 

-28.1 

1870.6 

m.  to  9a.m... 

193 

y 

48.0 

^48:0" 

187.5 

9a 

m.      11a.m... 

14a 

80.5 

-  «.l 

167.1 

11a 

m.        lp.m... 

8S 

83.3 

-  l.l 

117.0 

Ip 

m.        8  p.m... 

130 

84,8 

+       .7 

106.1 

8p 

m.        Bp.m... 

144 

81.4 

+   4.8 

180.8 

Bp 

ra.       7  p.m... 

90 

83.1 

+    1.4 

188.0 

Tp 

m.       9  p.m... 

132 

83.8 

-18.8 

148.4 

9p 

m.      11p.m... 

139 

88.8 

-18.8 

148.0 

lip 

84 

98.8 

+  19.8 

188.8 

1a.m.        3  a.m... 

08 

38. 0 

+  6.8 

188.6 

Si.m.        Ba.m... 

191 

39.1 

+  16.3 

167.0 

5  a.m.       7  a.m... 

100 

33.7 

+  80.7 

164.0 

rotal 

14B3 

0 

804.7 

-  7.3 

1840.0 

■  Bee  pp.  42-40. 


•  Not  corrected  for  cbances  In  body  temperature  a 


Dioiiizeab,  Google 


HbTABOLISU  EXFBBDfBNT  No.  77. 


11  •.m. 

lp.ni. 

8p.in 

8  p.m. 

8  p.m. 

7P.1D. 

8  p.m. 

11  p.  m 

l».m. 

8  *.in 

8».m. 

&*.m 

Bft.in. 

7a.iii 

I0B.4 
t8S.l 
IIS.S 
ISS.O 
185.9 
128.0 
183.1 
81.0 
SO  .6 
116.9 
120.5 


1448.8 


Oatoriet. 
81.3 
81.9 


39.8 

ss.e 

81.6 
86.8 


88.8 
81. e 
83. S 


produo- 
tloD 

(o+b+o). 

0«liirtM. 
14S.8 
IS4.7 
171.7 
141.1 
106.9 
168.7 
144.6 
148.8 
184.7 
184.4 
157.4 
163.7 


1807.4 


Balutck  of  BmcBaT. 
A  comparison  of  the  ener^  derived  from  different  Bonrces  with  the  total 
heat  production  for  the  4  days  of  the  ezperimeut  is  given  in  table  160.  The 
agreement  is  not  very  satisfactory  save  on  the  first  day,  but  owing  to  the 
compensating  discrepancieB  the  average  difference  for  the  whole  experiment  is 
but  —  0.8  per  cent. 

Tabu  160.— Oomportooit  of  energy  d«rtvml  /^om  kofoSoIlMd  body  moMrtel  wttk 
total  heat  production — MetatiolitM  experimeNt  So.  77. 


Date. 

Biwrrr  derived  ttam  dlSerant  MniToea. 

Total 
heat 

Bnem  from 
bodr  notarial 
Krej.ter^(+> 

From  bodr  ptoWlD. 

(4) 

(«> 
From 

in 

ToUl 

6 
Poten- 
tial 

Urine. 

Het 

tbano 

(A) 

P<S. 

portfon 

Apr.  8-9.... 
Apr.  9-10.... 
Apr.  10-11.... 
Apr.  u-ia.... 

ToUl,  4  d*;(. 

Av.  per  d»j.. 

(To/.. 
899 
865 
STS 
888 

OaU. 

167 
157 
170 

SOB 
315 

ai8 

1640 
1818 
1480 

63 
S47 
138 

1910 
1775 
1770 

OaU. 
1874 
1880 
1840 
1807 

Oalt. 
+   11 
+    80 

-  OS 

-  87 

PtTCt. 

+  0.8 
+  1.6 
-8.6 
—8.0 

1484 
S5« 

B74 
148 

850 
918 

6071 
1418 

819 
30B 

7340 
1886 

7401 
18S0 

-  61 

-  15 

-'(>'.'% 

Dioiiizeab,  Google 


Influbhoz  or  Inanition  on  Metabolism. 


MMMkdparlod. 

Tgtal 

(0) 

OuboD 

Datad. 
(dX0.M91 

Vo^Jme 

of 
oirjTO 

(bxaT). 

(k) 

tf+o). 

Apr.  8: 

rz'r.;. 

Colt. 

^STo 

88.8 

"TTi 

88.1 

"r. 

Ti 

0.88 

a  k.iD.       fift.in.>lS4.1 

87.1 

87. T 

43.8 

81.6 

91.6 

36.0 

.88 

5  km.      7».ni. 

»109.0 

80. 8 

88. S 

46.8 

41.6 

88.0 

36.4 

.01 

ToUl 

'878.7 

110.4 

90.6 

189.6 

84.7 

68.9 

77.8 

0.86 

Apr.  ft-»: 

T  >.m.  to  9  B.m 

108.8 

80.9 

81.1 

«6.0 

88.6 

88.4 

48.8 

0.78 

e  Km.      11  >.m. 

185.7 

51.8 

97.8 

68.4 

80.4 

98.7 

86.1 

.80 

llft.m.        lp.m 

l.t8.8 

46.9 

88.9 

48.8 

80.6 

24.8 

83.1 

.77 

Ip.m.       Sp.m 

100. B 

40.0 

80.6 

63.9 

83.9 

86.9 

84.8 

.79 

Sp.m.        6p.m 

100.0 

47.3 

37.9 

5S.« 

81.7 

87.8 

88.1 

.88 

6  p.m.       7p.m 

ITl.O 

46.7 

88.8 

46.1 

88.  S 

93.4 

89.0 

.78 

Tp.m.       «p.m 

149.6 

45.9 

80.3 

GO. 8 

88.8 

88. 7 

81.8 

.81 

ffp.m.      llp.n 

14S.S 

53.8 

86.8 

63.0 

86.3 

86.5 

87.0 

.78 

l]p.iii.       lk.m 

111.7 

88.6 

99.1 

88.4 

84.4 

19.8 

83.7 

.88 

1  ..m.       8  Km 

180.0 

88.8 

80.8 

80.5 

83.0 

30.1 

95.6 

.79 

8>.m.        6*.m 

157,8 

46.8 

88.8 

48.3 

80.7 

34.5 

81.6 

.78 

6  Km.        1  ft.m. 

Tot.l 

Apr.  »-10: 

T«.m.  toB  I.II1. 

150. 0 

48.7 

39.0 

47.6 

81.6 

94.8 

80.8 

.79 

1874,4 

668.0 

39.7 

600.5 

83.0 

806.3 

889.8 

0.78 

105.4 

08,8 

86.3 

88.0 

88.7 

88.6 

48.8 

0.70 

9>.iD.      llK.iii.1  16S.4 

40.0 

88,1 

43.8 

38.4 

33.9 

38.0 

.79 

Htm.        lp.ii..|  141.2 

41.8 

90.  S 

88.4 

97.3 

19.6 

38.0 

.66 

lp.m.        8  p.m.    16S. a 

61.8 

SI. 8 

54.8 

88.0 

37.6 

86.8 

.77 

Sp.m.        Bp.m.    1S8.0 

58. 6 

38.7 

45.4 

24.8 

38.1 

36.8 

.68 

»p.io.        7p.m.    188.4 

50.5 

80.0 

48.4 

89.6 

34.7 

8S.4 

.70 

7p.m.        9p.m.!  188.8 

50.9 

88.4 

59.8 

87.8 

98.0 

86.6 

.71 

Sp.m.      11p.m.    140.8 

01.8 

88.3 

89.5 

89.0 

81.8 

49.0 

.74 

11p.m.        l«.mj  180,3 

87.6 

91.1 

87.6 

88.9 

10.1 

19.8 

.09 

lt.m.        8k.m.'  I8«.« 

48.8 

85.7 

43.1 

80.8 

31.4 

84.1 

.68 

Sa.m.       5ft.m.   160.0 

88.9 

31.1 

49.8 

86.8 

91.6 

88.7 

.91 

S  ■.ro.       7  Km. 

150.0 

44.8 

99.5 

48. S 

98.9 

99.0 

80.0 

.71 

Total 

870.0 

671.6 

80.4 

676.9 

80.7 

308.7 

400.  J 

0.78 

Apr.  10-11: 

7>.m.  to»>.m. 

187. 5 

70.0 

87.8 

88.1 

88.7 

83.1 

49.0 

0.66 

9>.m.     11  t.m.'  1«7.1 

48.1 

86.8 

47.6 

98.4 

94.9 

80.1 

.80 

ll».m.        1p.m.:  117.0 

80.2 

95.8 

40.9 

84.0 

80.8 

31.1 

.98 

1p.m.       8p.m.   IM.l 

80.1 

38.6 

60.9 

80.3 

3S.6 

37.4 

.98 

8p.m.       ap.m.   180.3 

49.8 

37.4 

60.1 

37.8 

35.6 

84.5 

.74 

Sp.iQ.        7p.m.    188.0 

40.3 

80,8 

41.8 

31.4 

91. B 

88.3 

.76 

7p.m.       9p.m 

143.4 

48.4 

89:8 

48.3 

88.0 

94.8 

83.6 

.76 

9  p.m.      11  p.m. 

US.9 

48.8 

B3,8 

47.0 

89.8 

98.0 

83.4 

.74 

11p.m.        1a.m. 

ISU.B 

86.7 

87.0 

40.1 

80.8 

80.4 

96.0 

.89 

iLm.       8  km. 

iss.e 

41.8 

80.0 

43.5 

80.7 

81.7 

39.1 

.74 

8  km.       fi  km. 

187.0 

41.4 

84,8 

41.6 

84.9 

31.9 

30.0 

.78 

a  b,  Google 


Mbtabolisii  Experiment  No.  77'. 


Tabli  Ul.— Oxygen  and  carbon  dioxiOa  (hermal  gmtienU  and  reaplrotory 

««o«Mit«— ConUnued. 

,     <"' 

(b) 

(<» 

<<lt 

(•> 

voii;v 

v.'t;„ 

(M 

Da  («  and  period.        "^^ 

aumed. 

Carbon 
dioilde 

CaTbOD 

dloilde 

Df carbon 
dioilde 
eliTl- 

nated 

of 
oxrgeo 

Raapl- 
tient 

nated. 

(dxaMBl    16X0.7). 

lf*lfl. 

uot. 

Apr.  11-13: 

out. 

Orama. 

OnuM. 

Ltlfri 

Uttrt. 

7  1.ID.  to  9  a-m 

i45.a 

44.9 

80.9 

1^.8 

86.8 

36.9 

81.6 

D.H5 

B  am.     11  a.™. 

184.7 

88.7 

28 

B 

41. a 

80 

31.0 

27.1 

11a.m.       ip.m. 

171.8 

48.7 

28 

49.4 

38 

36.2 

84.1 

74 

1p.m.       8p.ia. 

141.0 

87.8 

26 

40.6 

38 

30.6 

36.0 

7» 

8p.ni.       Bp.D. 

168.9 

46.9 

37 

46.9 

27 

88.8 

8d.l 

78 

6  p.m.        7  p.m. 

188.7 

51.5 

81 

48.8 

29 

34.8 

86.0 

69 

7  p.m.        »p.m. 

144.6 

S6.T 

86 

43.8 

29 

31.8 

26.  T 

86 

Op.m.     11p.m. 

148.8 

66.8 

87 

63.1 

85 

36.6 

88.7 

68 

n  p.in         1  a.m. 

184.7 

88.7 

28 

48.4 

83 

38.1 

27.1 

83 

1  a.m.       8  a.iD. 

184.4 

41.4 

80 

40.2 

39 

80.6 

29.0 

71 

S  a.m.      0  a.iii. 

167. 4 

50.7 

38 

46.1 

36 

as.o 

85.4 

OS 

S  a.m.      7  a.m. 
Total 

162.7 

41.9 

25 

8 

43.5 

26 

21.6 

20.4 

74 

1807.4 

831.6 

39 

* 

644.8 

80 

• 

377.8 

878.1 

~0 

75 

The  oxygen  thermal  qaotientB  recorded  in  table  161  show  no  unnsnal  fluctu- 
atione  aside  from  the  very  low  quotient  of  the  third  day '  and  the  average  for 
the  4  days,  29.6,  is  not  particularly  different  from  those  observed  in  otber  ex- 
perimentfl.  The  carbon  dioxide  thermal  quotient  for  24  hours  is  highest  on  the 
first  day  and  gradually  diminishes  each  day  to  the  end  of  the  experiment.  As 
ia  uBual  in  the  fasting  experiments  the  respiratory  quotient  is  highest  on  the 
first  day.    It  averages  0.75  for  the  last  3  days. 

'  See  special  dlBcuBBlon  under  Biaergy  Balance,  In  Part  3  of  tbla  report. 
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A  Series  of  Two-day  Fasting  Experiments  tith  Seven  Subjects. 
Metabolism  Experiments  Nos.  79-83,  85,  and  se. 

The  fasting  experiments  ihu?  far  given  in  this  report  fomighed  data  for 
Btudjing  the  metabolism  during  inanition  of  bat  3  persons.  It  seemed  im- 
portant therefore  to  make  studies  with  a  large  number  of  men,  in  order  to 
verify  some  of  the  deductiona  rendered  possible  by  the  previous  experiments. 
Particularly  was  it  desired  to  ascertain  the  length  of  time  required  by  different 
individuals  for  the  transition  from  kataboUem  with  food  to  fasting  katabolism, 
i.  e.,  the  duration  of  the  transitional  period.  More  information  was  also 
sought  concerning  the  effect  of  inanition  on  the  pulse  and  observations  were 
made  of  the  influence  of  fasting  on  the  respiration,  strength,  and  the  onset  of 
fatigue. 

Accordingly,  7  fasting  experiments  of  2  days*  dttration  were  made  with 
different  subjects  during  the  autumn  and  winter  of  1905-1906,  the  results  of 
the  series  being  given  below.  Following  experiments  Xos.  83,  85,  and  89, 
24-hour  food  experiments  were  made,  the  data  of  which  are  not  included  in 
this  publication. 

The  1  men  who  served  as  subjects  in  this  series  of  2-day  fasts  were  students 
in  Wesleyan  TTniversity,  young  men  in  good  health.  Two  of  them  had  prev- 
iously been  in  the  calorimeter  for  short  periods  of  about  24  hours,  but  the 
others  were  inexperienced.  It  seemed  best,  therefore,  \a  accustom  the  men 
to  the  environment  of  the  calorimeter  and  hence  each  subject  entered  the 
chamber  approximately  12  hours  before  the  experiment  proper  began. 

Measurements  of  subjects. — In  order  to  give  some  idea  of  the  physique  of 
the  subjects  and  their  muscular  development,  the  measurements  of  each  man, 
as  recorded  in  the  university  gymuasium,  are  shown  below.  The  measurement 
of  H.  E.  S,,  A.  H.  M.,  and  H,  C.  K.,  were  taken  at  times  very  near  to  that 
of  their  respective  experiments.  The  others  were  measured  somewhat  earlier, 
8  months  previous  in  the  case  of  H.  E,  D.,  and  the  considerable  period  of 
about  3  years  and  2  months  in  the  case  of  N.  IS.  P.  D.  W.  was  a  football  and 
baseball  player  and  had  unquestionably  developed  to  an  extent  beyond  that 
shown  by  the  measurements  here  given. 
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Metabolisu  Exfebiuekts  Nos.  79-83,  85,  and  89. 


MeoMuremeiHi  of  tubfecU—MeUtbolUin  experimenU  No$.  79-83,  86,  and  8 
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■  Depth  of  head,  1B.9  cedtlmetere. 
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9  somewhat 


October  13,  190B: 
7  a.  m.    Rose;  etomacb 

7M0'  a.  m.  Was  getting  rery  bungry  bui 
after  I  took  a  drink  of  water  the 
feeling  waa  not  so  noticeable. 

11»3B~  a.  no.  Am  getting  rather  hungry 
and   my   belt   banga   Terr   looeely 

I'lG'  p.  m.  Do  not  teel  bangry  now. 

4^14-  p.  m.  All  the  afternoon  I  have  had 
a  queer  (eeltng  on  my  langa  erery 
time  I  drew  a  breath  longer  than 

Bxtmiment  No. 
October     26,     1906     (urellmlnary 
night) : 
Entered  calorimeter  chamber  about  8  p. 
m.    Attempted  to  read  but  was  so 
sleepy  that  I  had  to  stop;  had  slept 
only  E  hours  the  night  before.    Re- 
tired at  11  p.  m. 
October  27,  IME: 
Ta.m.    Arose  at  signal;   followed  the 
osnal  momlitg  routine.    Bat  down 
and  read. 
7'46-  a.  m.  Took  strength  test    Feel  all 
right  this  morning;  not  hungry  at 
all. 
lO'SO"  a.  m.   Began  to  read,  sitting  near 

12^20'°  p.m.    Lay   down   on   bed;    slept 

some  of  the  time. 
11^20'*  p.  m.   Drank  about  one-half  glaaa 

of  cold  water  before  retiring,  thou^ 

not  very  thirsty. 

Experiment  h 
November  21,  1905; 

7^30-  a.  m.  Slept  all  through  the  night; 
well  rested.  Awoke  at  about  6'16~ 
a.  m.,  lay  awake  until  7.  Feel  per- 
fectly normal  this  morning;  have 
good  appetite.  Felt  somewhat 
tUrsty,  drank  a  little  water. 

1*10"  p.  m.  Studied  and  read  almost  all 
ol  the  morning.  Feel  very  welL 
Could  eat  a  pretty  good  dinner  now, 
but  fasting  doea  not  tronble  me  Tery 

7>'5'>  p.  m.     Feel    Just   the   same   as    at 
noon;   Just  about  as  hungry.     Pee) 
perfectly  strong.    Read  and  studied 
during  the  afternoon. 
NoTember  2i,  1905: 


Sotei  from  diariei. 
Experiment  No.  79,  H.  E.  8. 

usuaL    Am    not    especially   hungry 
but  teel  aa  If  I  could  eat    Lay  down 
from  B'lO*  to  7»2"  p.  m. 
October  14,  190G: 
T  a.  m.  Am  rery  sick  at  my  stomach  ex- 
cept when  lying  down. 
7'2''p.  m.   Have  felt  weak  and  tired  all 
day,  and  have  been  dizzy  when  1 
stood  up. 
11*2"  p.  m.  Went  to  bed;  got  up  at  some 
time  in  the  night,  about  1  a.  m.  I 
believe.     Thought  it  was  morning. 


80,  0.  B.  7. 

October  28,  1905: 

7  a.  m.  Do  not  teel  ill,  but  have  bad  taste 
in  mouth.  Am  a  little  weaker  than 
yesterday,  but  not  especially  bungrr. 

7*20"  a.  m.    Drank  some  water,  which  I 

vomited  some  time  between  8  and  9 

a.  m. 
ll'20'"a.m.    Reclined  on  bed.  sleeping 

part  of  the  time. 
6  p.  m.    Have  been  lying  down  most  of 

the  afternoon.    Felt  all  right  except 

tor  bad  taste  In  mouth. 

8  p.  m.  Went  to  sleep  about  S  or  S'SO" 
p.  m.  and  didn't  wake  up  until  11 

11^20"  p.  m.  Drank  some  cold  water;  It 
tasted  good.  During  the  latter  part 
of  the  night  I  slept  hut  very  little; 
was  anxious  for  morning  to  come. 
Had  bad  taste  in  mouth  whenever  I 
was  awake. 

.  8i,  A.  S.  M. 

when  I  got  up;  drank  aome  water 
and  teel  better,  though  eomewbat 
weak  when  standing.  Am  all  right 
when  sitting  down.  Head  perfectly 
clear. 

I  p.  m.  Feel  stronger  now  than  when  I 
rose  this  morning,  began  to  feel  bet- 
tor after  I  bad  been  about  an  hour 
and  a  halt  Think  perhapa  the 
water  made  me  feel  better.  Spent 
nearly  all  the  morning  writing  an 
essay.    Read  a  little. 

7>10*'  p.  m.  Feel  all  right,  not  very  bun* 
gry  now.  Lay  down  on  bod  from  1 
p.  m.  to  6;  had  a  few  nape.  Prob- 
ably   aaleep   about   halt   the    time. 
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Mbtaboubh  Expbbihrnts  Nos.  79-83,  85,  and  89. 


Xotet  froin  diary.— Contliiaed. 


NoTember  2S,  190G:  I 

L.  m.   Heated  well  dorliiK  nfj^t;  woke  I 

np  twice,  once  abont  S  a.   m.  And  ] 


about  G  a.  m.  but  went  to  sleep 
Boon  each  time.  Feel  well,  but  a 
little  thiraty. 


Experim^Ht  No.  8X,  E.  0.  K. 


NoTember   28,   1906    (prellmlnair 
night) : 

lip. m.  Hade  np  bed  and  retired;  slept 
pretty  well  but  woke  up  rather 
early.  Had  a  pain  In  mj  back  which 
I  think  was  due  to  iTlng  In  one  po- 
sition for  eo  long  a  time.  Also  had 
a  pain  In  my  stomach  which  wai 
more  noticeable  whanerer  I  took  i 
deep  breath. 
NoTember  24,  IMS: 

Ta.m.  Arose,  Month  and  throat  were 
very  dry. 

7*60"  a.  m.  Taking  a  deep  breath  eausee 
a  pain  Id  my  throat;  otherwise  I 
feel  well  though  my  month  Is  dry. 

9*20- a.  m.  Wrvte  letters  nnUl  2M5°> 
p.  m. 

1*16"  p.  m.  Drank  some  water. 

T'Bfi"  p.  m.  Slept  a  Uttle  while.  Have 
been  lying  down  and  now  feel  much 
better. 

7*80-  p.  m.  Studied  outU  lO^lB*. 

10>30-  p.  m.  Studied  until  U  p.  m. 

11*2-  p.  m.  Retired. 


November  2G,  1W6: 

7*2"  a.  m.  This  night  passed  better  than 
the  last,  though  I  awoke  early. 
Backache  and  stomach-ache  were 
not  so  bad  as  the  night  before.  Very 
thirsty.  Felt  rather  warm,  on  aris- 
ing, almost  Ilka  a  fever. 

7'30"  a.  m.   Defecated. 

7>60"  a.  m.  Drank  fresh  water;  feel 
much  better.  Feverish  feeling  has 
left  me  and  I  feel  quite  comfortable. 

1  p.  m.  Drank  some  water.  Slightly 
dizzy  when  I  stood  up. 

3'GO"  p.  m.   Lay  down. 

7*6"  p.  m.  Qot  up  and  drank  some  water. 
Have  a  slight  headache,  also  pain  In 
the  stomach;  otherwise  am  all 
right. 

7*30-  p.  m.  Feel  fairly  comforUble.  Ly- 
ing on  the  respiration  apparatus  has 
made  my  chest  and  bock  rather 
sor&  The  rectal  thermometer  does 
not  trouble  me. 

11*5"  p.  m.  Made  np  bed  and  retired. 


JDxperimcnt  2 

December    4,    1906    (preliminary 
night) : 

9*16-  p.  m.   Wrote  till  10'25". 

11  p.  m.  Retired;  did  not  get  to  sleep  for 
abont  half  an  hour,  then  slept  very 
soundly.  Awoke  and  looked  at  my 
watch  at  4  a.  m.;  slept  on  till  about 
6*30",  then  lay  awake  till  the  signal 
to  rise  was  given. 
December  6,  1906: 

7*80- a.  m.  Feel  very  comfortable  and 
contented.  Stomach  somewhat  emp- 
ty, but  not  uncomfortable  and  have 
no  particular  deeire  for  food.  Feel 
strong;  most  of  my  movements  are 
slow,  however,  for  fear  of  entang- 
ling the  apparatus  attached  to  me. 

7*40"  a.m.  Read  for  abont  6  minutes, 
then  wrote  a  short  letter,  but  took 
considerable  time  about  It  as  I  was 
In  doubt  as  to  what  to  say.  Am  be- 
ginning to  notice  everything  that 
paseee.  Am  much  entertained  with 
watehlng  the  people  who  pass  the 
window. 
IG 


1.  M,  H.  R.  D. 

8'16"  a.  m.  Some  water  was  passed  In. 
I  drank  It  all.    No  strange  taste. 

9  a.  m.  Lay  down  till  11,  sleeping  a 
great  part  of  the  time. 

11*10"  a.  m.  Rose,  and  drank  a  bottle  of 
water,  which  tasted  very  good.  Feel 
perfectly  well,  and  am  not  hungry. 
Took  dynamometer  test 

1*10-  p.  m.  Lay  down,  reeling  perfectly 
well;  went  to  sleep. 

3>30-  p.  m.  Awoke,  but  did  not  get  up. 

4*10"  p.  m.  Qot  up.  Feel  well,  but  less 
ambitious  and  lively  than  when  I 
lay  down.  Slightly  unpleasant  feel- 
ing In  my  head,  more  like  dlzzluess 
than  headache,  but  not  exactly 
either;  not  serious. 

4*16" p.m.  Received  a  bottle  of  water, 
of  which  I  drank  about  a  third. 
Feel  chilly  at  times  and  decidedly 
nnpleosant  ever  since  I  got  up. 

4*30" p.m.  Lay  down  again;  more  com- 
fortable when  lying  down.  Have  a 
slight  feeling  of  nansea;  hungry. 
Went  to  sleep  with  blanket  over  me. 
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Infldenoe  or  Inanition  on  Metabolism. 


Sotet  from  diary. — Continued. 


December  6,  1906  (cont.) 

7*10*  p.  m.  Drank  8om«  water;  it  was 
■baolutely  taatelees,  but  cool  and  re- 
treflblng.  Am  greatly  refreataed  by 
my  sleep.  Peel  perfectly  well  again, 
head  perfectly  clear;  less  Inclined  to 
move  rapidly  tban  I  was  tble  morn- 
ing, but  am  quite  aa  comfortable. 
Not  hungtr  now  except  when  I 
think  of  something  In  particular  to 
eat 

9*)6~p.  m.  Feel  well  and  comfortable; 
no  pain,  nothing  to  annoy  me. 

9*80" p.m.  Lay  down;  slept  most  of 
time  till  signal  at  11  p.  m. 

11  p.  m.  Undreesed  and  retired.  It  must 
have  been  nearly  12  before  I  fell 
asleep,  then  slept  soundly.  Awoke 
at  5  a.  m.,  looked  at  my  watch,  and 
went  to  sleep  again. 
December  6.  190B: 

7  a.  m.  Feel  rather  faint  and  weak  this 
morning,  but  have  no  pain  and  am 
quite  comfortable,  but  hungry. 

S^G'  a.  m.  Very  unpleasant  taste  In  the 
mouth.  Drank  some  water  and 
went  on  writing. 

9  a.  m.  Lay  down,  after  drinking  some 
water;  went  to  sleep  almost  at  once. 

10*30- a.  m.   Awoke,  but  lay  sUll. 

11a.m.   Arose;  took  dynamometer  teet 


12  a.m.  Feel  much  better  than  when  I 
arose  this  morning;  that  is,  (eel 
stronger.  Still  feel  somewbat  taint 
but  very  comfortable. 

I  p.  m.   Lay  down ;  feel  well. 
2>60-  p.  m.   Awoke. 

4>10-p.  m.  Oot  up.  Feel  well;  a  UUle 
weak,  but  no  more  so  than  this 
morning.     Quite  comfortable. 

7  p.  m.    Feel   well   and   rather   stronger 

than  earlier  In  the  day,  but  some- 
what faint  even  yet 
7*  10-  p.  m.  Took  dynamometer  test 
7M5~p.  m.  Am  not  In  pain  but  am  de- 
cidedly faint  It  requires  very  no- 
ticeable effort  to  hold  up  my  head, 
also  to  write.  Left  hand  weak  and 
rather  unsteady,  right  hand  some- 
what better.  Not  at  all  pleaaant  sit- 
ting up. 

8  p.m.     Saw    friends    at    the    window; 

greatly  pleased  to  see  them.  Hade 
me  forget  all  about  how  I  felt 

9  p.  m.    Lay  down,  feeling  comfortable, 

though  a  little  faint  and  hungry; 
went  to  sleeii. 

II  p.  m.    Awoke  at  signal.    Retired  and 

went  to  sleep  very  shortly.  Awoke 
early,  could  not  tell  when,  but  prob- 
ably about  5*30-  a.  m.,  then  went  to 
sleep  again. 


BxperiMent  No.  65,  N.  M.  P. 


December    S,    1906    (preliminary 
night) : 

Read  until  9*46-  p.  m.;  light  not  good. 
Very    comfortable;     stomach    feels 
full. 
December  9,  1906: 

Did  not  sleep  Tery  well.  Woke  at  1*30'", 
3 '30°,  and  4' 30-  a.  m„  staying 
awake  about  three-quarters  of  an 
hour  the  last  time.  The  reason  for 
waking  was  that  I  kicked  off  the 
loose  blanket  and  became  chilly. 
Rose  at  7.  Drank  some  water  at 
7*40-.  Slightly  cool,  but  not  un- 
comfortable. 

9*16*'  a.  m.  Took  dynamometer  test  and 
drank  a  little  water. 

9*30-  a.  m.   Feel  somewhat  hungry. 

12*16"  to  12»20"  p.  m.  Walked  around 
the  calorimeter  and  examined  the 
apparatuB. 

12*20-  p.  m.  B^an  to  study  mathemat- 
ics. 

1*26-  p.  m.  Stopped  studying.  Hade  up 
bed  and  lay  down,  read  and  rested; 
slept  a  little. 


4  p.  m.  Dynamometer  teet  Everything 
very  comfortable;  not  feeling  hun- 
gry except  when  I  think  about  It 
Read  and  rested  until  7. 

T  p.  m.  Studied,  read,  and  wrote  all  the 
evening.  Part  of  the  time  In  chair 
and  part  of  the  time  reclining  on 
bed. 

11  p.m.  Am  not  feeling  uncomfortable 
In  any  way  nor  particularly  hungry. 
December  JO,  1906; 

Slept  better  than  the  previous  night; 
woke  up  twice,  at  2'IB-,  and  4''30- 
a.  m.  or  thereabout  The  pneumo- 
graph makes  me  uncomfortable 
when  1  lie  down. 

7*60"  a.  m.  Pelt  dlxiy  when  1  got  up; 
my  stomach  seemed  somewhat  up- 
set, and  I  felt  weak.  Drank  some 
water.  After  sitting  for  a  few  min- 
utes the  dlzEiness  ceased;  the  bil- 
ious feeling  Is  also  going.  Desire 
to  urinate  noticeable  as  It  was  all 
day  yesterday. 
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NoUm  from  dixy. — Continued. 


December  10,  lft05  (cont) 

8  a.  m.    HoTed  aronnd.     The  ntet 
drink   tastee   bad.     'Wrote    letters 
trom  8  to  »'46'>  a.  m. 

9*45~  a.  m.  I^r  down  and  read.  Am 
feeling  conBldembly  I>etter  than 
when  I  first  got  up;  water  tastee 
better. 

11*15"  a.  m.  Hare  been  reclining  moot 
of  the  time;  began  to  alt  at  table 
and  read. 

12^6'  p.  m.  Feel  chilly,  read  and  wrote 
at  table  until  nearly  2'30~. 

2'30''p.  m.  Lay  down  and  rested  and 
read  unUl  7;  slept  a  Uttle. 

7^15"  p.  m.  Sat  and  read  and  wrote. 
Went  to  food  aperture  twice  and 
telephoned  some  during  the  evening. 
My  gums  feel  soft  and  a  Uttle  sore ; 
have  a  peculiar  sensation  in  my  ab- 
domen. Don't  feel  exactly  hungry, 
but  feel  empty.  Hy  chest  Is  un- 
comfortable when  I  lie  on  a  hard 


part  of  the  pnenmograpb ;  feel  tired 
particularly  about  the  muscles  In 
my  lover  side  and  back  which 
comes,  I  suppose,  from  sitting  up. 
Slight  desire  to  defecate.  L^y  down 
about  10'30~  but  stayed  up  until 
then  reading  and  writing. 

11  p.  m.  Went  to  bed. 

December  11,  1905: 

Bad  great  difficulty  In  getting  to  sleep 
last  night;  probably  a  Uttle  ner- 
vous. Was  hot  and  sweaty  and  the 
pneumograph  troubled  me  until  1 
a.  m.  Woke  up  repeatedly  and  dozed 
again,  then  slept  until  2  a.  m.,  was 
awake  a  halt  hour.  Slept  until  i, 
but  did  not  stay  awake  long;  slept 
until  6"15-. 

7  a.  m.  Rose  and  went  through  tbe  usual 
routine  of  weighing.  Do  not  feel 
dizzy,  or  sick,  or  uncomfortable  In 


January  10,  1806: 

Got  into  bed  at  ll'll-  last  night  Slept 
well  until  about  4  a.  m.  and  doied 
from  that  time  until  7  a.  m. 

7  a.  m.  Feeling  well  except  a  little  hasy, 
possibly  due  to  loss  of  sleep.  Lay 
down  at  S'lO"  and  had  a  very  com- 
fortable nap,  which  lasted  until  12> 
30°  p.  m.  Btltl  feel  a  little  sleepy, 
but  do  not  feel  especially  hungry  as 
yet 

2>45~  p.  m.  Have  not  felt  hungry  as  yet 
I^y  down  at  3>5~  and  had  a  slight 
nap;  got  up  at  S'SO".  Have  not  felt 
very  hungry  nor  have  I  felt  uncom- 
fortable In  any  way;  do  not  feel 
thirsty. 

Lay  down  at  S'16"  until  S>1B-.    Feel  a 
little  hungry  for  the  flrst  time.    Re- 
Ured  at  11»5-. 
January  11,  1906: 

Woke  up  at  3M5'  a.  m.  not  feeling  very 
well,  and  quite  thirsty;  took  a  large 
drink  of  water,  which  did  not  taste 


o.  89,  D.  W. 

very  good.  Lay  down  again  and 
dozed  until  7  o'clock.  Do  not  feel 
quite  as  lively  as  1  did  yesterday 
morning;  somehow  my  stomach 
feels  a  Iltle  queer  and  I  feel  tired 
In  general.     Drank  a  little  water. 

S'lCa.m.  Was  glad  to  He  down  and 
had  a  short  nap,  waking  at  11.  Feel 
a  little  hungry  now  but  water  tastes 
bad.  BO  that  I  don't  care  much  about 
eating.  Sat  and  read  until  S'S"  p. 
m.  when  I  lay  down.  Am  feeling 
rather  hungry  now.  At  S'S"  I  lay 
down  and  slept  until  5. 

8'E-p.m.  Felt  a  little  weak  afUr  the 
strength  test  but  otherwise  am  feel- 
ing very  well.  The  test  seemed  a 
Uttle  harder  than  last  night. 

At  10°23'°  I  had  some  fresh  water  passed 
In;  It  tasted  much  better  than  any 
of  the  water  I  had  drunk  before. 

Retired  at  11  p.  m.  but  did  not  sleep 
very  much.  Tossed  around  consid- 
erably. 
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Pul»«  and  respiration. — In  all  experiments  prerionsly  incladed  in  Uub  publi- 
cation, each  Bobject  counted  big  own  pnlee  and  the  respiration  was  not  taken. 
Tbe  following  records  of  pulse  and  respiration  were  obtained  by  means  of  the 
Fitz  pneumograph,  the  use  of  which  in  these  researches  has  already  been 
explained.    (See  page  10.) 
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83 

10  23 

27 

2  29 

60 

6  01 

77 

10  29 

77 

2  39 

60 

i9 

6  14 

69 

20 

10  31 

86 

2  66 

62 

19 

6  25 

70 

18 

10  41 

25 

304 

63 

19 

6  40 

S3 

23 

10  44 

71 

3  13 

64 

6  43 

75 

10  64 

23 

3  14 

68 

644 

70 

10  68 

82 

23 

327 

62 

20 

6  57 

73 

21 

11  27 

63 

21 

3  40 

18 

Dioiiizeab,  Google 


Metabolism  ExPBBiVENre  Nos.  79-83,  85,  ahd  89. 


Pdus  akd  Rxspbatiok — CoBtinned. 
Metabolitm  «nwHntent  Wo.  8S. 


FuU* 

Pnba 

Pub. 

IbH. 

aSStm. 

n^Ku. 

TinM. 

JSSu. 

m^,. 

nnw. 

»£^ 

.^^ 

Dm.4 

Dse.  5 

Dm.  a 

p.  M. 

10^19- 

69 

21 

0»36" 

61 

18 

1»31" 

77 

18 

10  44 

59 

19 

6  49 

74 

17 

1  40 

66 

10  54 

08 

7  04 

18 

1  63 

54 

ie 

11  27 

80 

i9 

7  20 

82 

200 

71 

11  43 

77 

20 

743 

79 

is 

2  13 

73 

i? 

Dec.  5 

S  12 

85 

IS 

2  32 

77 

18 

A.  U. 

839 

70 

IS 

2  « 

75 

18 

12*04- 

67 

18 

9  05 

66 

17 

3  13 

80 

21 

12  20 

72 

20 

9  15 

83 

3  24 

99 

19 

12  39 

64 

18 

923 

i9 

333 

92 

12  49 

05 

17 

9  43 

74 

IS 

3  40 

89 

21 

1  07 

65 

17 

10  04 

19 

3  56 

20 

1  28 

05 

16 

10  11 

78 

4  16 

87 

21 

205 

03 

10 

10  32 

70 

16 

4  30 

81 

21 

2  24 

IS 

10  48 

74 

18 

4  47 

83 

2  64 

03 

17 

11  17 

76 

20 

6  06 

83 

is 

3  U 

03 

10 

11  31 

18 

6  24 

20 

3  35 

63 

10 

11  52 

17 

6  39 

82 

18 

3  53 

00 

17 

Deo.  6 

600 

81 

17 

4  34 

05 

17 

A.U. 

0  12 

80 

i  55 

65 

12»01- 

60 

025 

73 

io 

6  40 

07 

16 

12  32 

i7 

630 

72 

6  53 

04 

18 

12  57 

73 

16 

044 

09 

is 

604 

18 

1  25 

63 

16 

7  31 

71 

21 

6  17 

63 

17 

1  62 

63 

16 

755 

00 

17 

039 

17 

2  10 

66 

15 

S  16 

SI 

22 

7  30 

21 

2  37 

63 

16 

835 

71 

21 

8  23 

19 

2  53 

67 

17 

0  07 

19 

8  42 

56 

19 

3  16 

72 

IS 

938 

76 

18 

9  04 

32 

69 

17 

9  49 

76 

19 

9  26 

84 

10 

4  19 

68 

17 

10  04 

69 

17 

fl  62 

21 

435 

69 

17 

10  28 

62 

16 

10  11 

72 

21 

505 

66 

16 

10  57 

63 

15 

10  36 

85 

6  27 

70 

17 

11  15 

76 

IS 

10  43 

i? 

609 

71 

18 

11  48 

75 

19 

10  63 

TO 

18 

639 

72 

18 

Dec.  7 

11  17 

75 

23 

648 

71 

17 

A.  H. 

11  48 

21 

6  54 

70 

19 

12*04- 

73 

16 

p.  u. 

734 

94 

21 

12  19 

70 

17 

12" 27" 

80 

18 

7  64 

SI 

19 

12  68 

17 

12  38 

82 

22 

8  16 

19 

1  03 

66 

1  07 

88 

20 

S  24 

04 

1  24 

01 

is 

1  44 

74 

17 

8  37 

87 

iti 

1  59 

08 

17 

2  05 

60 

17 

8  63 

91 

IS 

2  19 

64 

16 

2  27 

19 

9  17 

SI 

IS 

2  50 

63 

16 

2  42 

76 

10 

9  30 

17 

3  04 

65 

10 

3  00 

62 

9  44 

72 

3  19 

69 

14 

3  18 

is 

9  55 

75 

io 

3  42 

69 

18 

3  27 

73 

10  07 

17 

4  02 

89 

23 

3  38 

i9 

10  24 

88 

22 

4  20 

68 

15   . 

3  56 

18 

10  42 

83 

19 

4  31 

89 

16 

4  15 

21 

10  52 

87 

4  61 

73 

18 

4  32 

95 

11  31 

is 

5  03 

74 

IS 

4  42 

88 

19 

n  44 

87 

5  19 

72 

IS 

5  10 

78 

10 

P.M. 

5  32 

72 

19 

5  23 

16 

12" 10* 

21 

5  47 

74 

IS 

5  33 

si 

17 

12  20 

87 

6  23 

72 

20 

0  10 

73 

17 

12  33 

82 

23 

6  40 

77 

20 

6  18 

78 

12  42 

20 

6  66 

76 

X, 

6  27 

is 

IHFLUBNOB  OF  IhANITIOK  ON  MeTABOUSH. 


PuuE  Am  Rbspibatiok — OoDtlnuod. 
MetabotUm  «ct>eriin«n(  No.  8S. 


PdIm 

BHdrUloB 

Fuln 

B<«l»l«. 

PulM 

Tim*. 

nTTu. 

TIOM. 

munta. 

'Hiu. 

Dk.  8 

Dec.  8 

D*!.  10 

p.  M. 

8^38- 

€2 

13 

6»32" 

46 

11*46- 

67 

14 

8  48 

63 

13 

6  47 

57 

i4 

P.  M. 

9  CM 

«2 

5  56 

12 

12*07- 

12 

9  20 

64 

6  14 

69 

12  16 

13 

9  « 

14 

623 

14 

12  31 

68 

10  13 

53 

6  44 

12 

12  3ft 

71 

10  45 

48 

i2 

7  27 

a 

12  43 

is 

11  15 

13 

7  47 

ii 

12  54 

67 

18 

11  52 

12 

7  54 

ei 

2  06 

67 

Dec.» 

8  34 

i2 

2  19 

14 

8  49 

63 

2  27 

U 

12»07- 

S7 

8  54 

i2 

2  36 

ei 

12  23 

U 

9  23 

48 

14 

2  45 

i4 

1  21 

11 

9  37 

64 

u 

3  17 

59 

14 

1  50 

46 

10  03 

13 

3  29 

69 

18 

2  12 

ii 

10  22 

si 

3  45 

63 

13 

2  29 

45 

12 

10  31 

i2 

4  37 

02 

3  23 

11 

10  43 

5ft 

6  29 

60 

is 

4  OS 

11 

11  39 

ii 

6  38 

13 

4  23 

56 

11  43 

11 

607 

60 

508 

.- 

ii 

11  61 

11 

6  16 

71 

5  22 

44 

Deo.  10 

032 

ie 

5  31 

ii 

A.  M. 

7  07 

13 

609 

60 

12 

12*32- 

12 

7  16 

75 

IS 

6  26 

57 

13 

12  45 

66 

.. 

7  30 

d4 

IS 

648 

54 

11 

1  16 

12 

7  60 

79 

824 

71 

13 

1  24 

66 

7  69 

ii 

S34 

62 

1  43 

i2 

8  13 

77 

u 

846 

i2 

2  17 

SO 

11 

8  37 

OS 

17 

8  53 

69 

11 

2  39 

12 

9  16 

73 

13 

9  32 

68. 

13 

254 

67 

11 

ft  33 

80 

16 

9  48 

67 

15 

3  05 

69 

14 

10  14 

14 

10  07 

(U 

16 

3  29 

57 

11 

10  30 

06 

16 

10  23 

67 

3  SO 

66 

10  45 

65 

10  43 

12 

4  16 

52 

i2 

11  11 

73 

is 

10  50 

fli 

13 

434 

13 

11  30 

15 

11  15 

13 

4  66 

12 

U  45 

73 

11  29 

61 

12 

503 

64 

12 

Dm.  11 

11  60 

10 

620 

69 

__ 

P.M. 

5  61 

i4 

12*02- 

64 

12*08- 

64 

6  10 

63 

13 

12  23 

63 

12  29 

66 

a 

6  31 

69 

13 

12  46 

14 

12  38 

61 

10 

730 

77 

1  22 

14 

12  48 

12 

823 

i4 

1  41 

74 

16 

12  59 

65 

8  32 

83 

14 

1  66 

16 

1  34 

54 

is 

S43 

78 

2  03 

56 

16 

1  50 

54 

9  11 

76 

260 

79 

2  07 

64 

930 

18 

2  6ft 

ii 

220 

ii 

9  43 

13 

3  11 

80 

15 

2  50 

si 

10  20 

60 

13 

3  56 

83 

16 

3  37 

66 

12 

10  28 

61 

4  40 

82 

14 

a  b,  Google 


Mbtabousm  Exfsbiuents  Nos.  79-83,  85,  Aim  89. 


Pdxbe  aho  Resfikatiok — Contlnusd. 
MetObolitm  aeperiment  No.  89. 


Puln 

B«i>l»tlgD 

PaW 

Pok* 

■sr 

'n» 

Tim*. 

■TTu. 

Tin* 

Jin.9 

Jan.  10 

Ju.  11 

F.  M. 

F.  M. 

r.u. 

10* Si- 

19 

10*46- 

67 

3^14- 

69 

ll  34 

60 

11  02 

46 

3  28 

ie 

11  51 

17 

11  18 

i9 

3  44 

59 

17 

Jan.  10 

11  30 

48 

4  18 

52 

16 

A.  M. 

Jan.  11 

4  30 

54 

16 

li-H- 

52 

A.  M. 

4  S3 

16 

1  34 

is 

12*26- 

16 

6  60 

IS 

2  06 

si 

12  47 

50 

630 

22 

24S 

is 

1  16 

i7 

6  60 

19 

4  19 

44 

1  46 

50 

7  11 

77 

21 

440 

ii 

2  24 

64 

ie 

7  19 

75 

20 

5  31 

14 

3  56 

50 

736 

23 

6  15 

15 

3  15 

17 

7  46 

22 

646 

47 

3  34 

48 

8  09 

21 

ses 

ie 

4  23 

61 

8  19 

63 

20 

730 

17 

4  34 

is 

8  34 

20 

7  42 

7i 

6  38 

17 

8  44 

6S 

8  16 

64 

6  15 

46 

8  49 

62 

is 

835 

20 

6  31 

14 

9  08 

66 

19 

S  M 

63 

6  47 

54 

9  30 

20 

9  49 

59 

i? 

7  27 

63 

9  39 

63 

10  00 

64 

16 

7  38 

ie 

10  19 

61 

io 

10  36 

13 

8  08 

66 

10  38 

24 

11  07 

66 

824 

60 

i9 

11  06 

22 

11  44 

47 

846 

67 

11  22 

19 

P.M. 

9  28 

61 

i4 

Jan  12 

12*16" 

48 

10  46 

47 

16 

A  U. 

12  44 

61 

10  54 

15 

1^25- 

16 

1  61 

62 

11  U 

17 

1  10 

60 

2  08 

66 

11  23 

15 

1  19 

60 

2  S3 

22 

11  31 

^ 

1  42 

ie 

3  19 

78 

11  63 

60 

3  26 

16 

3  49 

is 

p.  M. 

3  38 

49 

4  21 

47 

17 

1^17- 

17 

6  13 

is 

6H 

20 

12  30 

55 

529 

46 

7  19 

20 

12  48 

62 

ie 

5  38 

60 

7  36 

60 

2  05 

67 

21 

6  10 

ie 

7  69 

76 

2  26 

68 

623 

S4 

8  S6 

51 

is 

2  36 

20 

6  38 

ie 

9  60 

S6 

19 

2  46 

« 

648 

49 

10  34 

22 

a  b,  Google 


S86 


Inplobnob  or  Inanitiok  ok  Mbtabdusm. 


Record  of  body  movemenU. — The  subjects  of  these  8-<Uy  experiments 
followed  no  very  definite  routine,  except  that  the  times  of  rising,  weighing, 
and  retiring  were  the  same  for  all.  Their  activity  varied  with  their  tempera- 
ment and  inclinations  though  in  no  case  was  there  evidence  of  mnch  moscnlar 
exertion,  and  all  the  experiments  were  eeeentially  "rest  experimenta."  An 
index  of  the  mnscolar  activity  of  the  different  men  may  be  obtained  from  the 
"  movements  of  enbjects  "  recorded  below. 

The  men  were  all  cautioned  to  attempt  to  aecnre  like  mnacalar  activi^  on 
the  Z  days  of  the  experiments.  In  some  instances  this  was  accomplished  by 
having  the  record  of  body  movements  for  the  first  24  honrs  prepared  during 
the  night  and  requiring  that  the  stibject  duplicate  this  record  as  nearly  as 
possible  on  the  second  day. 

HomCKlfTS  OP  SUBISOIS. 


Experiment  Ko.  19,  H.  B.  B. 

Oct.  IS,  7  a.  M.,  to  Oct 

IS. 

7  o.  m.,  19M. 

October  la. 

A.  H. 

f 

H. 

A.  If. 

11' 86- 

write. 

&U' 

telephone. 

7'02- 

rlH,   dren. 

11  64 

telephone. 

7 

04 

rise,  urinat* 

7   W 
7  18 

weigh  seU,  etc. 

11    66 
11   58 

Bit,  food  aperture, 
rise. 

7 

7 

06 
08 

telephone,  elL 
food  mMrtnre. 

7   20 

Bit,  write. 

7 

10 

BlL 

7   24 

telephone. 

12-02- 

raise  teble,  sit. 

7 

16 

lie,  read. 

7   29 

food  aperture. 

write. 

8 

02 

telephone^ 

7  40 

drink,  write. 

12   07 

urinate. 

8 

06 

food  apertnre. 

7  42 

lie,  read. 

12    24 

telephone,  write. 

9 

OS 

rise,  urinate. 

7  52 

more    abont,    food 

1   04 

read,  seal  letter. 

» 

04 

He. 

aperture. 

1  08 

stand,  telephone. 

10 

OS 

Bit,  write. 

7   64 

re^. 

1   12 

drink. 

10 

08 

riae,  eoat  off. 

8   28 

telephone. 

1   14 

write. 

10 

10 

lie. 

8   32 

Bit.  food  aperture, 

1    16 

food    aperture. 

10 

IS 

asleep. 

rise. 

read. 

11 

OS 

rise,  urinate,  write. 

8  33 

□rlnate. 

1  SO 

stand,  read. 

11 

04 

close    curteln.    nn- 

8   34 

Bit.  drink. 

1  28 

sharpen  pencil. 

dreas,  retire. 

8  36 
8  38 

write, 
lie,  read. 

1  26 

2  10 

read, 
rise. 

October  14. 

8   40 

telephoue.  read. 

2  12 

food  aperture,  tele- 

A. 

H. 

9  08 

rise,  Btrength  test. 

phone. 

2  M- 

rise. 

9  12 

telephone,  stroigth 

2   14 

open  bed. 

7 

02 

rise,  dresa,  urinate. 

test 

2  16 

Btand,  write. 

7 

14 
18 

weigh  self,  etc. 

9  18 

write. 

2  18 

lie,  read. 

7 

9   20 

lie.  read. 

2   24 

Bit,  food  aperture. 

7 

22 

food  aperture. 

9  3« 

write. 

2  26 

He.  read. 

7 

24 

telephone. 

9  46 

drink. 

2   34 

Bit,  food  aperture. 

7 

25 

food  apertnre. 

»  62 

telephone,  read. 

2   36 

telephone. 

8 

14 

Bleep. 

10  07 

drink. 

2    38 

lie. 

8 

28 

telephone. 

10   24 

Bit,  telephone. 

4   04 

rise,    urinate,    alt. 

8 

80 

lie. 

10   26 

rise,  food  aperture. 

write. 

8 

34 

asleep. 

10   28 

alt.  rise,  Bit. 

4   08 

telephone. 

9 

02 

telephone. 

10   30 

lie,  read. 

4   20 

comb  hair. 

9 

04 

rise. 

10    36 

urinate. 

4   28 

read. 

9 

06 

Btrength  test 

11    18 

telephone. 

6    02 

write. 

9 

08 

Bit.  write. 

11    22 

6   04 

rise,  urinate. 

9 

14 

food  aperture. 

11  24 

Bit,  drink,  food  ap- 

6  08 

lie,  read. 

9 

18 

telephone. 

erture. 

6   12 

ait,  food  aperture. 

9 

24 

food  aperture. 

11  26 

rise,  lie,  read. 

6  14 

lie,  read. 

9 

26 

urinate. 

Dioiiizeab,  Google 


Uktibousm  Expkkiments  N08.  71^83,  85,  axd  89. 


UavMMWjm  or  Sitbjkcis.— Continued. 


October  U  (oont.) 


A.M. 

10- 

write. 

s' ca- 

He, read. 

9*28- 

lie,  itadT. 

1! 

drink. 

28 

atopreadtns. 

9   fi2 

telepbone. 

14 

look  at  watch. 

lie. 

62 

read. 

9  64 

Bit,  food  Kpertare. 

24 

telephone,  lie. 

08 

stop  reading. 

9    E8 

rise,  moYO  about 

34 

read. 

02 

rise,  nrlnate. 

10  00 

He,  rekd. 

20 

ilt. 

08 

■It,  write. 

10   18 

telephone. 

26 

lie,  read. 

OS 

food  aperture. 

10  10 

alt,  food  kpertnre. 

02 

aaleep. 

10 

drink,  write. 

11   S4 

lie. 

12 

sit,  food  aperture. 

IS 

He. 

11   S8 

Bit,  food  mpertnre. 

14 

lie. 

40 

resueea. 

P.M. 

24 

read. 

08 

strength  teat 

1J»08- 

Hit,  re«d. 

46 

don. 

10 

open  bed,  write. 

12   38 

raad. 

60 

count  pnlM. 

12 

drink.  He. 

11    88 

Bit  erect. 

40 

dose. 

24 

dOM. 

1   02 

telephone. 

02 

sit.    urinate. 

tele- 

ll 

02 

rise,  urinate. 

1   04 

food  aperture. 

phone. 

11 

04 

tmdress.  close  cai^ 

1  08 

read. 

G 

06 

food  aperture. 

tain,  retire. 

£«p«rl«eMt  Vo.  80,  0.  B.  Y^  Oct.  17,  7  a.  m.,  to  Oct.  tS,  7  o.  »„  190S. 


October  n. 

p. 

M. 

A.  11. 

A.X. 

T06- 

rise,  telephone. 

1P20- 

more. 

7»00- 

rise,  urinate. 

7 

08 

urinate.  He. 

11  22 

arrange  bed.  He. 

7  06 
7  14 

weigh  self,  etc 

11 

11 

00 

02 

rise,  urinate, 
arrange  bed. 

11   34 

P.M. 

asleep. 

7  26 

d^o«^sit 

11 

04 

Btrength  teat 

12'  32- 

aaleep. 

7  S3 

food  aperture. 

11 

10 

close    curtain. 

un- 

1  00 

awake,  telephone. 

7  84 

wipe  abaorbers. 

drees,  retire. 

1  02 

read. 

7  64 

food  aperture. 

11 

18 

telephone,  food 

ap- 

1  04 

urinate. 

»  02 

telephone. 

erture,  drink. 

1  08 

sit  food  aperture. 

9  08 

■tand.  Btrength 

1  08 

He. 

test 

October  ta. 

1  M 

asleep. 

»  06 

Bit.  read. 

M. 

S  OS 

awake,    tarn    orer. 

9  26 

telephone. 

7»00- 

rise,  urinate. 

asleep. 

9  30 
10  08 

raad. 
telephone. 

06 
10 

weigh  self,  etc 

3  04 

3   10 

awake, 
restless. 

10  10 

rise,  food  aperture. 

20 

drink. 

3  26 

doae. 

10  14 

Bit. 

40 

alt 

3  34 

awake. 

10  38 

read. 

08 

write. 

5  04 

sit,  telephone. 

P.M. 

16 

eonnt  pulse. 

6  0< 

strength    test,   sit. 

12»  20- 

rise,  open  bed,  uri- 

3S 

■Bleep. 

telephone. 

nate. 

42 

awake. 

S  12 

lie. 

12   22 

arrange     bed. 

lie. 

04 

rise,  strength  test 

6  20 

Bit  telephone. 

nad. 

08 

rise,  food  aperture. 

7  02 

rise,  urinate. 

1   04 

Bit.  telephone. 

10 

alt 

7  06 

sit   take   temperar 

1   U 

stop    reading. 

re- 

18 

asleep. 

ture. 

cllne. 

48 

awake. 

7  08 

He. 

Z  02 

aaleep. 

64 

asle^. 

8  00 

asleep. 

4  0< 

■it,  telephone. 

rood 

02 

sit 

11  00 

awake,     rise,     uri- 

aperture. 

34 

asleep. 

nate. 

4  08 

rise,  strength 

teat. 

04 

telephone. 

11  04 

strength  test 

4  10 

read. 

08 

rise,  food  aperture. 

11   07 

food  aperture. 

a  b,  Google 
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7^02'  rise,      telephooe, 

open  curtain. 
7  04  nrinate,  drees. 
7  06    telepbone. 

^  ^  i  weigh  aeU,  etc 
7  22     Bit.  write. 
7  24     food  a.pertiire,   elt, 
drink. 

7  42     TtmA. 

8  34    stop 

8  42     read. 

9  02    rise,  food  Kpertore. 
S  04    atrength  test 

-9  06  telephone. 

9  10  Bit.  read. 

9  24  rlBe,  food  aperture. 

9  30  etand,  read. 

9  40  Bit,  read. 

11  OS  rlee,  move  about. 

11  04  BlL 

11  08  read. 

11  28  turn  around. 

11  28  read. 

11  44  move  chair. 

r.  u. 
12"  08-  read. 

1  02  telephone. 

1  04  rlBe.  food  aperture, 
urinate,  stand. 

1  18  stand. 

1   14  sit 

124  mrrange  clothes, 
elL 

1  28  sit,  chair  .Ulted. 

2  11  asleep. 
2  16  Bit. 

2  22     read. 

3  02    telephone,     rise, 

strength  test 

3  04  telephone. 

3  oe  sit 

3  10  rise,  food  aperture. 

3  12  sit  read. 

3  40  read. 

4  02  rise,   sit,   wave 

arms. 
4   24     telephone. 


P.M. 

4^26'°  stand,  adjust  ther- 
mometer. 

4  28  move  about,  sit 

4  32  read,    elbow    on 

6   02  stand. 

6  04  telephone. 

G   06  sit,  read. 

6  14  rlM,  food  aperture. 

G  16  sit 

6  20  stand,  sit 

G  32  stand. 

e  34  sit  read. 

6  04  read. 

7  00  telephone. 

7  02  food  aperture,  orl- 

7   06  telephme,      stand, 

food  aperture. 

7  10  stt 

7  20  read. 

7  G4  stop  reading. 

8  10  read. 

8  50  stop  reading. 

9  04  stand,     strength 

teat 

9  08  sit 

9  48  read. 

10  24  stop  reading. 

10  26  read. 

11  00  telephone. 

11  02  rise,  urinate,  open 


7>  02-  telephone,  rise, 
open  curtain. 

7  06  nrinate,  dress,  fold 
bed. 

]  5|}welghBelf,  etc 

7  20  adjust  chair,  sit 
telephone. 

7  26    food  aperture. 

7   28    stand,  adJuBt  ther- 


8*24- 
8  31 

8  40 

9  02 


G  04 
6  08 
6  12 
6  14 

6  IS 

7  02 
7  04 
7  OS 
7  08 
7  12 
7  32 

7  44 

8  20 

9  02 
10  OS 

10  24 

11  02 
11  04 


7  a.  m.,  190S. 

telephone, 
read,  write. 

telephone,  rise, 
food  aperture. 

Bit,  rise,  strength 
test 

sit  telephone. 

elbows  on  knees. 

telephone,  adjust 
thermometer. 

food  aperture 

write. 

telephone,  move 
about 

adjust  tbermome- 
ter,  sit 

read. 

rest,  elbows  on 
knees. 

rise,  urinate. 

write. 

telephone. 

arrange  bed,  lie. 

asleep. 

sit  arrange  blan- 
ket lie. 

awake. 

telephone. 

sit  read, 
rise, 
urinate, 
sit,  read, 
rise,  urinate, 
strength  test 
telephone, 
food  aperture. 
Bit,  read, 
lie. 
asleep. 

stop  reading. 

read. 

telephone. 

rise,  urinate. 

open  bed,  ondress, 
(jose  curtain,  re- 
tire. 


BmteriTnent  JTo.  58,  S.  O.  K.,  Xov.  *i,  7  a,  m.,  to  Nov.  M,  7  o.  m.,  1905. 
November  H: 


7*  02-  rise,    urinate,   to 

bed,  dress. 
]  ^  j  weigh  self,  etc 
7  23    telephone. 


7*  23"  food  aperture. 

7  24  move  about  adjust 
pneumograph 
and     tbermome- 


7»  30-  write. 

T   3G    odJoBt  table. 

8  04    sit  read. 

8  42    stop  reading. 

9  04     telephone. 

9  06    rise,  food  aperture. 
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A.M. 

7»11- 

fold     bed,     brush 

10*  28- 

telephone. 

»»08- 

Bit 

mercury      from 

10   30 

study. 

S   11 

telepbODCL 

floor. 

11   02 

telephone,  rise. 

9   14 

riBe,  Btrength  UmL 

7 

16 

raise  Ubie. 

11   04 

strength  teat 

9   16 

alt.  write. 

7 

22 

alt,  write. 

11  14 

food  aperture. 

9   36 

7 

30 

study. 

11  20 

play  csrda. 

9  38 

rlae.  food  ftpertnre. 

9 

05 

drink. 

F.  11. 

sIL 

9 

GG 

strength  test 

I'OO- 

telephone,   urinate. 

9   40 

Bit. 

10 

26 

drink. 

drink. 

9   43 

Write. 

10 

30 

Bit,  study. 

1  02 

move,  sit,  play 

11   12 

telephone,  rlM,  bIL 

11 

02 

rise,       urinate, 

cards. 

11  16 

write. 

drink. 

1   28 

Bit 

v.u. 

11 

04 

open  bed. 

2  10 

doM. 

P04- 

telephone. 

11 

OS 

on  dress,  retire. 

2   32 

wrlta 

l  06 

Bit 

2   34 

play  car  da. 

1  10 

rise,  urinate,  food 

November  tS. 

3   04 

drink. 

aperture,  drink. 

A. 

M. 

3   10 

write. 

1    14 

7*02- 

rise,  urinate. 

3  38 

rest  strength  test. 

1  16 

remove  thermome- 

7 

04 

dress,   weigh   self. 

3  40 

food  aperture  sit 

ter. 

7 

16 

etc 

3   44 

write. 

1  18 

food  aperture. 

7 

20 

Bit.  write. 

3  46 

fold    table,    open 

1  32 

alt,  write. 

7 

26 

food  aperture. 

bed. 

1   24 

food  aperture. 

7 

32 

close  curtain,  defe- 

3 60 

lie. 

1  26 

sit.     adjiut     ther- 

cate. 

3  62 

sit  telephone,  food 

mometer. 

7 

42 

adjust     thermome- 

aperture, drink. 

1  30 

alt,  write. 

ter,  connect  reo- 

4  04 

doze. 

1  48 

sit,  read,  write 

plratlon  tube. 

7  04 

rise,  urinate,  drink. 

3  04 

7 

42 

Bit,  raise  table. 

7   06 

telephone. 

7 

48 

food  aperture. 

7   12 

sit,  write. 

sit. 

7 

GO 

drink. 

7   16 

telephone. 

3  06 

riBe,  food  aperture, 
drink. 

7 
8 

64 

00 

write, 
sit 

7   20 

food   aperture, 
read. 

S  08 

sit.  telephone. 

8 

10 

food  aperture. 

7  30 

fold    bed,    raise 

3   10 

strength  test 

8 

30 

read. 

Uble,  sit  write. 

3   14 

alt 

8 

30 

write. 

8  16 

drink. 

3   16 

lower    table,    open 

9 

02 

telephone. 

8  20 

play  cards. 

9 

04 

food  aperture. 

9  26 

food    aperture. 

3  18 
3   20 
8  26 

write. 

lie. 

asleep. 

9 
9 

06 
10 

move,  sit. 
write. 

9   26 

drink, 
strength  test 

9 

14 

sit 

9   28 

sit,  play  cards. 

9 

48 

telephone. 

11  06 

rise,  urinate,  drink. 

5  30 

sit  drink.  He. 

10 

02 

head   on   arms   on 

11  06 

fold    Uble,    open 

7  02 

rise,  telephone. 

UbIe. 

bed. 

7  04 

food  apertnre. 

10 

06 

doze. 

11  12 

close    curtiUn,    re- 

7 06 

urinate. 

10 

22 

sit 

tire. 

JffKperiment  Vo.  83,  B.  R.  D.,  Dec.  5,1  a 


.,  to  Dec.  7,  7  a.  m.,  iOOS. 


December  S. 


7   04     dress. 
7  06)  fold    bed, 
7  22  f     eelf,  et<x 
7  28     Bit  write. 

7  40    read,  write. 

8  08     telephone. 


8*  12-  rise,  food  aperture, 

drink. 
8   16     Bit 
8   IS     write. 

8  38     resd. 

9  00  urinate. 
9  04  telephone. 
9  08  rise,  food  aperture. 
9  13  rise,  food  aperture. 
9  14    sit. 


9»  16-  riBB,  open  bed,  Ue. 
9  44    sit,  telephone. 
9  46     rlee,  food  sperture. 
9   48     He,  Bit  telephone. 
9  60     rise,  food  aperture. 

alt 
9   G6     food  aperture. 
9   68     He. 

10  22     doze. 

11  02     alt  telephone. 
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Deoawiber  5  (coot) 

11*  04-  rise,  Btnnstta  tert. 
11  OS    fold  bed. 
11  08    arinUe,  drink. 
11  10    raiie    Ubl«,    alt. 


12*  05- 
12  20 
12  24 
12  44 
1  00 
1   02 


1  12 

3  3ft 

4  04 
4  08 
4  12 
4  16 
4  18 
4  30 
4  32 
4  34 
4  82 
4   34 

G  06 
7  03 
7  04 
7  06 
7  12 
7  U 


7  2« 

7  30 

8  10 


nrinate. 

t«l«pb(nie. 

write. 

stop  writtn^  lit. 

nrinate. 

telephone,  read. 

write. 

■It 

rise,  open  bed.  He. 

asleep. 

awake. 

alt.  food  aperture. 

raise  table. 

alt.  write. 

urinate. 

Bit 

rise,  food  aperture, 
sit,  drink, 
write. 

open  bed,  lie. 
cover    aelt    with 
blanket 

telephone. 
nrinatoL 
■trength  test 
sit  telephone. 
food    aperture, 

drink, 
rise,  more  about 
fold  bed. 

Bit,  write.  resUeaa. 
food  aperture. 


BxpeHmnt  Vo.  BS,  V. 
DecemJter  9. 


telephone, 
remore   thermome- 


8'  16-  read. 

9  10     drink. 

9   !G     urinate. 

9  36     fold    table,    open 

bed,  lie,  asleep. 
11  00    rise. 

11  02     nrinate,  telephone. 

11  04    open  bed,  nndreSB, 

retire. 

DecemJter  6. 

A.1I. 

G'OO-  rise,    urinate,    lie, 

aaleep. 
7  02     rise,  urinate. 
7  04     fold  clothes,  dresa. 
7  06     huts  chair. 
5  II  }wel«h  aeU,  eta 
7  18    telephone. 
7   34     food    aperture, 

drink. 
7   26     raise  table. 
7  28    telephone. 
7   33     8lt  write. 
7  34    food  aperture. 

7  38    sit,  write. 

8  IS    drink,  write. 

9  02    rise,  food  aperture. 
9  04    sit  write. 

9  08     drink. 

9  10    rise,    fold    table, 

open  bed,  lie. 
9  12     cover  self,  asleep. 
11  02     rise,  strength  test, 

urinate. 
11  04     fold    bed,    raise 

table,  sit 
11  12     drink. 
11  20    write. 

jf.  P.,  D«o.  9,7  a.  «.,  to  J 


12*  18- 

■it 

12  86 

sit  write. 

12   40 

Bit  feet  oa  Uble. 

1  03 

urinate. 

1  06 

write,  telephone. 

1  08 

fold  table.  Bit 

1   10 

lie,  cover  self. 

1    14 

asleep. 

3   GO 

awake. 

3    24 

Bit  lie. 

3    80 

food  apertnre. 

4   08 

rise,   nrinate,    fold 

bed.    raise   table. 

write. 

4   22 

rise,  food  aperture. 

4   U 

sit  drink. 

4   33 

lie. 

4  40 

lean  on  elbow,  Ue, 

G    23 

asleep. 

7   02 

riae,  raise  table. 

7  04 

sit  nrinate,  drink. 

write. 

7  16 

strength  teat 

7  34 

read. 

7  44 

write. 

8  se 

turn  chair,  lean  on 

table. 

9   08 

fold    table,    open 

bed,  lie,  asleep. 

11   02 

rise,  urinate. 

11   04 

open  bed,  undress. 

close  curtain,  re- 

tire. 

Decemfter  7. 

A.M. 

E*80- 

rise,    urinate,    lie. 

•sleep. 

7  10 
7  12 
7  20 
7  22 
7  84 
7  36 
7  30 


ter. 

nrinate. 

drees,  fold  bed. 
1  weigh  self,  etc,  tel- 
{    ephone. 

telephone. 

raise  Uble. 

food  aperture. 

adjust  thermome- 
ter and  pneumo- 
graph. 

Bit  write. 


■  rise,  sit 
drink. 

Btretch  arms, 
write. 
Bit 
wrlta 
sit,  arms  over 

telephone. 

rise,  food  aperture. 

sit.    rise,    Btrength 

test 
write. 
drink. 

Bit 

write. 


9*50- 
9  G2 
9  G4 
10  04 
10  24 
10  28 
10  32 
10    G3 


11  14 
11  26 
11  44 
11  48 


Bit 

turn  chair,  read. 

telephone. 

read. 

stretch  arms  over 
head. 

telephone. 

telephone,  food  ap- 
erture. 

Bit  read. 

study. 

rise,  move  abont 
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December  9  (conL) 

r 

M. 

M. 

F.  H. 

11>  08- 

urlnat*. 

V-SS' 

lie. 

12' 04- 

Bit  erect. 

12 

close    onrtaln.    re- 

08 

telephone. 

12   0« 

read. 

tire. 

24 

dOM. 

12   48 
1  00 

Btudy. 
tolwhone. 

December  10. 

44 

02 

read. 

tel^hone,  sit,  food 

1   02 

stand,  urinate. 

aperture. 

1   04 

food  apertare. 

00" 

rise. 

04 

rise.      Bit.      adjust 

1  06 

drink,  alt,  stodr. 

02 

dreee,  urinate. 

thermometer. 

1   14 

rls«. 

04 

telephone,      weigh 

10 

sit.  read. 

1  16 

■write. 

11 

self,  etc 

16 

telephone,  sit 

1  18 

fold    table,    open 

12 

telephone. 

20 

read. 

bed. 

14 

drink. 

28 

telephone. 

1  20 

He,  read. 

16 

telephone. 

34 

strength  teet 

1   46 

telephone. 

17 

food  aperture. 

38 

ett  read. 

2  04 
2  08 

Mlwp. 
twm  OTor. 

22 
24 

•It 

adjust     thermome- 

If. 

03- 

telephone,  urinate. 

3  OS 
3  OS 

tarn  oT«r. 

rise,       nrlnata. 

34 

ter, 
raise  UbIe. 

09 
10 

food  aperture, 
alt 

drink. 

36 

sit.  write. 

12 

write. 

3   10 

more     aboot.     lie. 

40 

teleidione. 

20 

read. 

read. 

46 

rlae,   remove   ther- 

88 

telephone. 

3   38 

sit.  otrenstb  teat 

46 

read. 

3  40 

telephone. 

48 

food  aperture. 

20 

rlae,  food  aperture. 

3    42 

write. 

SO 

alt 

more  about 

3  eo 

lie,  read. 

54 

rise,  stand. 

24 

lie. 

4    40 

atop  reading. 

56 

food  aperture. 

44 

doze. 

B   00 

turn  over. 

02 

sit,  write. 

66 

read. 

6   66 

Bit,  He. 

08 

telephone. 

18 

doze. 

7  02 

Bit. 

10 

rlae,    more    about. 

02 

telephone. 

7  03 

food  aperture. 

food  aperture. 

04 

Bit.  strength  test. 

7  0« 

move  about 

IS 

alt.  read. 

08 

lie.  read. 

7   08 

cloee  cnrtaln,  uri- 

32 

read. 

00 

urinate. 

nate. 

02 

telephone,  write. 

04 

telephone,  food  ap- 

7 10 

open  curtain. 

08 

rise,  food  aperture. 

erture. 

7  « 

more  about 

10 

sit,    take    tempera- 

06 

Bit  read. 

7  16 

Bit 

ture. 

14 

rlae,  sit 

7  24 

stand. 

16 

rise,  food  aperture. 

28 

telephone. 

7  2« 

alt 

18 

Bit,  telephone. 

42 

telephone. 

7  28 

stand. 

20 

rise,  more  about 

44 

food  apertnre. 

7  32 

telephone. 

24 

20 

strength  test. 

7  84 

ralM     shield,     sit. 

32 

drink. 

24 

sit. 

read. 

34 

lie. 

26 

write. 

7  38 

raise    table,    elt. 

36 

read. 

18 

fold  table. 

read. 

46 

telephone. 

20 

He. 

9  06 

fltrensth  test 

48 

telephone. 

22 

more  about. 

9   13 

rise,  opoi  bed. 

60 

sit,  food  aperture. 

30 

lie. 

9  14 

lie,  read. 

52 

He,  telephone. 

04 

nrlnate. 

9  16 

sit,  read. 

64 

elt  food  aperture. 

06 

undreas. 

11  00 

telephone. 

66 

clean     food     aper- 

08 

oloee    curtain,    re- 

11 02 

undrees. 

ture. 

tire. 

Bttperimem  Xo.  80,  1 

3.  W.,  Jan.  JO.  7  a.  ».,  to  / 

OH. 

It. 

To.*.,  190e. 

January  10, 

A 

M. 

*. 

M. 

A.  U. 

7»07- 

urinate. 

7»20- 

arrange    bed,    ad- 

7*00- 
7   04 

rlae,  fold  bed. 
urinate,    adjust 

7 
7 

08 
16 

weigh  self.  etc. 

just     table.     Bit, 
write. 

chair. 

7 

16 

adjust   chair,   tele- 

7 

26 

read. 

7   06 

dress,  telephone. 

phone. 

7 

52 

telephone. 

Dioiiizeab,  Google 


Invldenob  01  Ihanhion  on  Mitaboubm. 


Jtmuary  10  (conL) 

P.M. 

A.M. 

10»28- 

7»M- 

ri».  remoTB  thw- 

graph,  food  aper- 

mometw. 

ture. 

7  E6 

food  cpertore. 

10  SO 

wTltet 

8  02 

sit,  TMd. 

10   42 

stop  writing. 

8  40 

stop  nkdlng.  pUy 

10  60 

11  OS 

sit  erect 
telephone,    cloee 

9  08 
S   10 

telephrae. 
food  ftperture. 

11   04 
11  06 

table,  urinate. 
undreBs,  open  bed. 
ratire. 

0  12 

open  bed,  Ue. 

10  48 

turn  OTOT. 

January  11. 

A.M. 

12*  22' 

S*  eo-  wake,  riMw  arrange 

12   30 

read. 

pneumograph. 

12  W 

12  52 

Bit.  Wtaphons. 
lie,  r«ad. 

8  52 

3  56 

■It.  write. 

food    aperture, 
drink. 

1  00 

nrliutt& 

3  58 

retire. 

1  04 

Bit 

7  00 

rise,  fold  clothea. 

1  OS 

tar,  write. 

7  04 
7  06 
7  11 

adjust  chair. 
wetgli  self.  ete. 

1  08 

more  abont. 

1  12 

read. 

7  12 

food  aperture,  tele- 

1 36 

telephone. 

phone. 

1  88 

Btrength  test 

7   14 

urinate. 

1   44 

Bit,  write. 

7  16 

adiust    Uble,    tele- 

1 40 

read. 

phone. 

2  48 

write. 

7  18 

food  aperture. 

2   60 

play  cardB. 

7  20 

Bit,  write. 

3  02 

telephone. 

8  00 

drink. 

3    OS 

rise,  food  aperture. 

8  80 

sit  erect 

3  08 

ll^  Bit. 

8   32 

read. 

S  04 

awake. 

9  02 

telephone. 

6  26 

rise,  fold  bed.  ad- 

8  04 

rise,  food  aperture. 

just     table,     sit. 

a   OS 

open  bed. 

write. 

9   08 

He,  asleep,  awake. 

S  08 

read. 

11    00 

asleep. 

7  OS 

nrlnate. 

P.M. 

7  06 

tetophone. 

ia>  06- 

awake. 

8  00 

strength  test 

1  02 

8  10 

He,  read. 

1   04 

urinate. 

8  6S 

turn  over. 

1  06 

more  about 

9  40 

telephone. 

1  08 

drink.  Bit,  write. 

»  42 

stop   reading,   ptay 

1   10 

rise,  food  aperinre. 

cards. 

drink. 

9  46 

food  aperture. 

1   12 

Bit 

9  48 

stt,  play  cards. 

1  28 

write. 

10  00 

stand,     strength 

1  42 

strength  tost 

tnt 

1  46 

write. 

10  08 

Bit.  play  cardB. 

1   GS 

rise,  food  aperture. 

10  2S 

stop  playing. 

2  OS 

Bit,  read. 

3*02-  told    Uble,    open 


3  04 

lle,aBlee|t. 

6  00 

awake. 

6  H 

fold    bed,   adjoBt 

Uble. 

6  26 

Bit  writet 

6   80 

food  aperture. 

6  38 

■  It,    mend    bed. 

drink. 

6  84 

■It  write. 

6  41 

food  aperture. 

6   02 

play  cards. 

6  62 

7  OS 

nrlnate. 

7  04 

toed  aperture. 

t  06 

telephone. 

7  08 

food  aperture. 

7  10 

read. 

7  14 

atop  reading. 

drink,  write. 

7  SO 

telephone. 

8  00 

■top  writing. 

8  02 

strength  teat 

8  06 

Bit  write. 

8  10 

stop    writing. 

drink. 

8  12 

remore    Uble,    ai^ 

range  bed.  He. 

9  14 

rise,  adjust   table. 

write. 

9  16 

write. 

9  17 

drink,  read. 

9  44 

stop    reading. 

write. 

10  10 

atop    writing. 

stand. 

10   12 

10  14 

sit.  write. 

10   SO 

telephone,  food  ap- 

erture. 

10  22 

play  eardB.  food  ap- 

10   24 

play  cards. 

10  42 

Btop  playing. 

10  46 

Bit  quietly. 

11  04 

drink,      telephone. 

urinate,  undress. 

11  OS 

remove    Uble,    ar- 

range bed,   cloee 

curtain.  reUre. 
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Drinking-water. — Aa  in  the  earlier  experiments  the  Bnbjects  were  allowed 
drinking-water  whenever  desired  with  no  restriction  as  to  the  aroonnta.  The 
qnantities  consumed  were  not  accurately  measnred  except  for  each  24  houre,  bnt 
tiie  estimated  amonnts  per  period  recorded  in  table  162  are  probably  not  far 
from  correct. 

An  examination  of  table  163  showa  wide  variation  in  the  daily  intake  of 
water  for  the  different  ezperimente.  The  minimtim  amonnt  conHnmed  during 
S4  hours  by  any  subject  was  115.1  grams,  and  the  maximam  was  1467.1  grams. 
In  general  these  subjects  drank  less  water  than  the  3  men  who  were  the  subjects 
of  experiments  Nos.  69  and  68  to  77.  Water  from  the  city  supply  was  used 
and  no  allowance  was  made  for  the  small  amounts  of  organic  matter  and  salts 
which  it  contained. 


and  89. 

BiperlmeDtnumlwr, 
■ubjeot,  and  d«te. 

Vl" 

BloU 

lp.m 

p.m. 

p.  m. 

p.™. 

•Hot 
p-m. 

atoll 
p.™. 

'V- 

la.in. 

Total 
for 
d«r. 

■ais 

gS:S 
iS:J 

448.1 
lit.! 

IIS.I 

lis.] 

48-8 

ami. 
S4.S 

12G.S 

3!;l 

IK 

uo.s 

Om: 

'S:i 

Qmt. 

40.9 
104.8 

»:i 

K 
'S:i 

sak'.i 

'£■'. 

8t.B 
W.S 

mo 

ffm«. 

IS6.8 
lOG.O 

iU.8 

Gnu. 

IS:! 

4t!6 

Qmt. 

£1 
Si:i 
Si 
'Si 
B:! 

Sl^tlK-::::::::.- 

-S'tS'*"-''' 

•"jr™;?!™*."-"' 

■  AmoDnta  known.     In  otber  «xperlin«nU  on*  or 
ted. 

Uam. 


e  of  t&e  nmonnta  per  period  ftr*  e 


The  urine  was  collected  daily  at  7  a.  m.,  1  p.  m.,  7  p.  m.,  and  11  p.  m. 
Unfortunately  the  subject  of  experiment  No.  79  did  not  collect  the  urine  on 
the  first  morning  until  an  hour  and  a  half  after  the  experiment  began.  It 
was  impossible  to  make  any  satisfactory  allowance  for  the  excess  included 
in  the  preliminary  urine  and  no  attempt  has  been  made  to  correct  for  it. 
The  error  would  probably  be  proportional  to  the  time  of  the  experiment  and 
hence  from  6  to  10  per  cent  would  represent  the  error.  During  experiment  No. 
85,  a  small  quantity  of  the  urine  for  the  second  period  of  December  9  was 
spilled  in  the  food  aperture  and  on  the  floor  of  the  chamber.  This  was 
immediately  taken  up  with  cheese  cloth,  and  the  nitrogen  content  determined 
and  added  to  the  total  nitrogen  for  the  day.    The  total  weight  of  the  urine 
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BpiUed  woB  obtained  by  the  ratio  of  its  nitrogen  content  to  tlie  nitrogen  of 
the  measored  urine.  The  same  method  wai  employed  in  calcoUting  tite 
carbon,  hydrogen,  uh,  and  solid  matter  in  tiie  urine  BpiUed.  While  it  is 
impoemble  fhst  all  the  urine  waa  takoi  up  by  the  cheeae  doth,  it  is  believed 
that  the  error  introduced  is  inappreciable. 

As  stated  abure,  the  amount  of  urine  was  obtained  for  each  period  in  all 
ezperiments.  The  specific  gravity  of  the  urine  for  the  different  periods,  how- 
ever, vas  not  taken,  except  during  the  first  day  of  experiment  No.  79,  and  ttie 


N0$.  7MJ, 

mass. 

■"^"^srS!'- "'*"'• 

ip-m. 

Wi" 

1  toT 

7tOll 

p.m. 

X 

Total 
tor<ky 

apMUa 

OnMU. 

arm*. 

ffraM. 

Oramt. 

Oram*. 

OrbM. 

Oct.  18-1*,  I90B 

'691.4 

'     171.6 

•    76.7 

'187.8 

1037.3 

1.0118 

Oat  14-16,  1M6. . . 

914  is 

18«.e 

189.4 

89S.6 

8B9.1 

1.0338 

BsperiDeot  No.  SO,  C. 

&.'i'.': 

Oct  87-98,   1906. . . 

lu.a 

910.4 

180.9 

B09.9 

1147.4 

1.0169 

Oct.  3B-9I),  IMS... 

264.3 

188.7 

111.0 

948. 6 

777.4 

1.0387 

i.'is.': 

Mot.  ai-aa,   190B.  . . 

199.4 

188.6 

88.9 

944.2 

860.0 

1.0964 

Not.  33-38,  1906... 

tVl.4 

918.4 

188.9 

987.6 

881.8 

1.0980 

Brpsrimenl  No.  88.  H. 

6.'i'.V 

Not.  84-25,  1905... 

198.8 

1M.6 

83.8 

196.8 

678.  J 

1.0301 

Nov.  96^0,  190S. . . 

161.8 

848.7 

9tl.9 

868.1 

ITOS.O 

1.0187 

r'd.V 

Doc.  S-6,  1906 

6S8.S 

344.6 

194.4 

376.4 

1304.6 

l.OHO 

Dec.  «-7,  1906 

S86.0 

808.9 

160.7 

968.8 

lOSB.O 

1.0186 

Bzperimeut  No.  86,  N. 

U.P.V 

Dm.    9-10,1906... 

883.  T 

(OIB.S 
1*84  0 

1 106.0 
80.8 

IBl.O 

tS93.tl 

I.OIM 

D.C  10-11,  1906... 

199.8 

*  387:9 

189.8 

679.4 

1.0908 

•BpmUc  8n*tl7,  1.0230. 

*  SpMUe  snTiir,  1.08SS. 

•  Calcolkted  «■  ipUlcd.    ThU  U  Indndsa  m  the  total  for  tha  daj.     8m  p.  348. 

S  days  of  experiment  No.  89.  Except  in  the  latter  experiment,  determioationB 
of  nitrogen  and  other  constihients  of  the  urine  were  made  only  on  the  daily 
compoeitea.  The  amounts  of  urine  by  periods  and  the  specific  gravity  for  each 
day  are  given  in  table  163.  The  corre^nding  data  for  experiment  No.  89 
are  given  in  a  separate  table,  for  the  reason  that  in  this  experiment  the  nitrogen 
was  determined  on  the  nrine  for  each  period. 
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The  total  water  of  respiration  and  perspiration  eliminated  per  period  and 
per  day  and  the  total  snumnt  of  water-vapor  remaining  in  the  calorimeter 
chamber  at  the  end  of  each  period  are  shown  in  table  166.  In  the  notes  at  the 
foot  of  the  table  are  shown  the  changes  in  weight  of  the  chair,  bed,  bedding, 
etc.,  in  the  chamber.  The  objed  of  recording  these  data  has  already  hem 
explained.    (See  p.  30.) 

Bldcivatiok  or  Caxbon  Dioznn  and  Abschptioit  or  Oztoek. 

Table  167  records  the  total  weights  of  carbon  dioxide  exhaled  and  of  oxygen 

consnmed.    The  method  of  obtaining  the  data  has  been  previously  explained. 


Tabu  164 

—DetenUwitUmt  In  itrtiw  per  period  ami  pw  iav—MttaboUtm 

Date. 

PMlOd. 

(■) 
Amount. 

tjEt 

Cen. 

j«i.*Stii... 

Ina.  n-18... 

900. S 
84.8 
184.8 

1.0264 

i.OStiO 
1.080S 
1.0836 

"■Si. 

196 
BS 
ISO 

9.78 
1.49 
9. OB 

ToUl 

ToUI  by  compotlte 

«44.4 
•44 .4 

l.MH 

696 
690 

9.99 
10.47 

US.  5 
91.4 
1T».8 

1.0819 
1.0840 

i.Dsae 

1.0818 

1S> 
188 
88 

178 

8.18 
8.69 
8. 54 
6.05 

]p.ni.      Tpin. 

589.6 
689.6 

1.0888 

6SS 
699 

14.46 
14.48 

Total  b7  ooBpotlto 

1184.0 

1148 

S4.45 

Since  the  measnrenient  of  these  gases  daring  the  preliminary  night  furnishes 
a  part  of  the  data  regarding  the  transition  from  the  katabolism  with  food  to 
katabolism  during  inanition,  the  amoonts  for  the  preliminary  period  have  been 
included  whenever  poBsible. 

BLnoms  Katabouzkd  in  the  Boot. 

The  elements  katabolized  in  the  body  during  each  of  the  experiments  are 
recorded  in  table  168.  The  usual  method  of  compatation  was  followed  in 
obtaining  the  data.  Preparatory  to  substitation  in  the  formultt  used  in 
computing  the  materials  katabolized,  the  results  have  been  carried  to  the 
second  decimal "  place. 

'  See  dlscnashm  of  tb*  nae  of  slgntflcant  &gar««,  p.  IT. 
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Oct.  U-H,    Dot.  U-U.    Got.  n-n,    Oct.  IB-W. 


la)  Wslght gnmi . 

ib)  Wttttt. do . , , 

)  Solldi,  a— 6 do... 

M)  Aih do... 

(0   OrgAnla  DiftttflT,  «— d d»... 

(/)  Nitrogen do... 

(g)  Cwbon ...do.. . 

(A)  HjdTogen  Id  orgftnle  matter. ..  .do 

it)  Oz;gen  (b;  dlffaranos)  In  organic  mat- 
ter, *-lf+g+M gTUM.. 

IJ)  Pboipborn* do 

Phoapborlc  uld  (P,0^ : 

ik)  bj  fusion gram*.. 

It)  by  UtratlOB. d«  .. 

(ri)  Snlphnr do. . . . 

BnIptaartrioxldo<80,): 

(n)  Total grama. . 

(a)  iDorgaole  and  ethereaL do 

(p)  Nsntral,  n-o. do 

(g)  CrsatlD*  tprotormad). . , do. ... 

(r)  Total  craatlnloe do 

It)  Creatinine'  (preformed), r— 4  ...do... . 

tf)  Chlorine do 

(w)  Sodlnmehlorlde do. . . . 

<*)  Heat  of  oombnatlon caloriei.. 


VM.oe 

SI.  IS 
8.78 

S9.8» 
tt.ll 
«.27 
1.75 


SSV.l 
80V.M 
49.14 
11.17 
87.W 
14.  SS 

lo.as 

S.OV 
10.81 


.ft4S 

1.856 
1.162 

.IBS 
1.913 
1.8SS 

.OlS 

a.»17 

4.817 

72 


Bzperlment  No.  SL 
A.  H.  H. 

Nov  n-S.     NOT.Ei-18, 


1147.4 

1105.76 
41.06 
1S.0S 
Sa.TS 
7.78 
7.11 
S.07 


1.701 
.280 
1.2S4 
1.418 
.104 
8.0:12 
5.070 
116 


777.4 
784. SO 
43.80 

la.sa 

80.08 
O.OS 


1.711 
1.488 
.887 
1.808 
1.68S 


,140 


NOV.H-2S,    Nov.M-SI, 


(o)  Weight grama . 

(b)  Water. do . . , 

(e)  BoUda,  a—b. d«. . . . 

(d)  Aab do ... , 

(«)  Organle  matter,  e—d do. . . . 

(/)  Nitrogen do ... , 

ig)  Carbon do 

(A)  Hydrogen  In  orgaolc  matter do. . . . 

(i)  Oiygdn  (b;  diflereuce)  Id  organic  mat- 
ter, t—lf+g+h) grama., 

IJ)  Fboiphomi do. . . 

FhoBphoric  acid  (P,0,): 

(k)  by  taaloD grama. . 

U)  bytitraUon do.... 

<m)  Snlphnr do 

Snlphnr  triodde  (80^: 

(n)  Total grama., 

(o)  Inorganic  andetheraaL do.... 


060.0 
621.36 
88. 74 
13.81 


11.32 
86.83 
18.05 
0.4S 
3.01 


1706.0 

1740.07 

64.08 

10.88 
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Tunu  J66. — WeigM.  oompotttkm,  and  heat  of  comtvtUon  of  mHim— Contlnned. 


)  Welgbt grami 

(A)  WilM do.. 

(c)   SoUdt,  a— e do.. 

(If)  A*b do.. 

<<)  OrKftQlcnutter.v— (l..do.. 


(/)  Nitrogen  . . 


...do.. 


(f)  Ckrbon do.. . 

(A)  Hydrogen  In  orgaDlc  mst- 

»••■ If  Mini. 

(0  OifgcD  <b;  dlffar«DceJ  In 
organic  mxttei,  t—lf +g 

-*-A> gram*. 

(J)  Phoapboras do... 

Pboapborlc  acid  (F,0,): 

<it)  b;  fnilon K'^ma. 

(I)  b;  titration do... 

(m)  flnlpbnr do. . . 

Balpbartrloilde  (SO,): 

(«)  Tot»l grama. 

(o)  Inorganic  and  ethereal, 

Ip)  Neutral,  <i~o.  .grama. 
(q)  CreatlDioe      (preformed), 

(r)  Total  creatinine... gram*, 
i^reatina*  (preformed), 

r— g gram*. . 

(0  Cblorlne do... 

(tt)  Sodinro  chloride. ...do... 
<•)  Heat  of  combnetlon.ekli. . 


Bxperlnent  Mo.  88. 


l20t.S 
1169.91 
iS.3e 
8.19 
87.10 
18.36 
9.7S 

s.as 

11.44 
1.091 

S.407 
2.4  li 
.871 

8.178 

1.901 


ioes.o 

1019.89 

sa.oi 

8.78 
48.S8 

18.  S8 
12.78 
3.20 

14.81 
1.2111 


Deo.  t-lOt     Dec.  lO-ll, 


84.0 

1188.0 

88.37 

1145.11 

l.SG 

42.80 

.80 

IS.47 

.89 

80.48 

.38 

11.05 


[  079.4 
I  049.44 
I  8B.B0 
I  B.B7 
[  81.39 
I    11.88 


Il-I* 
ISU. 

sse.o 

4»2.sa 
47.88 
7.45 
89.98 
14.46 


13.79 
1.308 

8. 184 


1.900 

.044 
1.805 
9.978 


r  nrlDe  loal.     See  p.  24S. 
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DataMdpMrlod. 

Total 
of  vapor 

atODd 
or  period. 

4\ 

DatoaMlpmriod. 

of  vapor 

BZFKBIHBNI  Ho. 

».     H.K 

8. 

BXPBBIHSNT  Ho. 

act.     C.B.T. 

Oct.  18 1 
PpBllmlnary  : 

5a.m.  to7a.m 

Get.  18-U : 

7a.m.  to  9a.n 

0a.m.      lla.m 

11a.m.        Ip.m 

Ip-in-        8pni 

3p.m.        Sp.m 

»p.m.        7p.m. 

7p.m.        Op.m 

•  P---      "P- 

11p.m.         la.m 

1a.m.        8a.m 

8a.m.        6a.m 

Sa.m.         7a.m 

*sr.- 

Srwu. 

Oct.  M~2-n^ 
ProUmlnar? : 

"  P"" 

llp.m.  to  1  a.m 

la.m          8a.m 

8a.m.       6a.m 

&a.m.        7a.m. 

Total,  8  hour. 

Oct.  37-88  : 

7a.n.  to  »a.m 

0a.m.      lla.m 

11a.m.        lp.m 

tp--        Spin 

Sp.m.        5p.m. 

5p.m.        7p.m 

7P.1.        "p.- 

0p.m.       llp.m 

llp-m.         1a.m. 

Sa.m.        5a.m..!.... 
Sa.m.         7a.m 

51.1 
58.4 
68.8 
84.9 

m!! 

88. S 
78.9 
76.8 

68.8 
60.4 
51.3 
48.41 

s«.o 

49.4 
48. 8 
47.4 
40.0 
S8.8 
5H.« 
69.8 

68. D 
68.8 
S5.8 
65.8 
64.8 
S6  7 
53.0 
64.4 
84. 1 
88.0 
M.K 
68.  S 

«  801.8 

55.  T 
40.8 
48.0 
41.9 
48.6 
88.4 
87.8 
84.8 
40.9 
47.9 
69.9 
68.0 

87.8 
47.5 
S4.9 
T4.8 
75.7 
76.1 
TO.l 
71.0 
78.9 
06.3 
88.6 
108.7 

•87.0 

Oct.  14-15: 
7a.m.  to  0a.m 

11a.m.         1p.m..!!... 

Ipn-         8PI» 

8p.m.        6p.m. 

'P""-        'P" 

7p.m.         0p.m 

0p.m.       llp.m 

11  p.m.        1  a.m 

1a.m.        8a.m. 

8a.m.         5a.m 

5a.m.         7a.m 

67.8 
64.9 
57.9 
58.0 
64.7 
M.B 
50.8 
40.7 
68.8 
54.4 
64. U 
50.4 

66.8 
87.7 
83.0 
57.9 
68.8 
80. 8 
81.9 
01.4 
50.8 
81.0 
64.3 
88.8 

TotU 

098.8 

Oct. 
7a 
0*. 
Ill 

55 

8p 
7P 
•P 
lip 
la. 
8a. 
8a. 

18-99: 

m!      lla.m! 

r    .'I.:::::;: 
I    $J:M:::. 

m.         0p.m. 

m.       llp.m 

m.         la.m 

m.         9a.m 

m.        5a.m 

67.8 
47.1 
60.1 
48.4 
46.9 
49.0 
49.0 
40.9 
61.6 
48.9 
48.4 
50.4 

09.8 
77.4 

sa.o 

06.4 
80.8 
91.0 
88.0 
88.9 
OS. 9 
99.8 
86.0 
88.0 

704.1 

1080 .S 
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■moDut 

DMeaad  iMrtod. 

"Rsr- 

iMeudpanod. 

olTjpor 

~w- 

«.     A.R.ll. 

BXPBBIKBMT  Ho.  at    H.O.K.             1 

_. 

'Vh 

9r«M. 

PrallmlDarj: 

"TT- 

On»N. 

1  k.m  to  S  %.m. 

80.8 

00.0 

BB.O 

8p.n>.       llp.m 

81. « 

07.  B 

ToUl,«bonra 

BB.9 

11p.m.         l^m 

1a.m.         Sa.n 

88.1 

2».4 

«».o 

04. S 

•16U.S 

Hot.  n-9S: 

Sft-m.        7a.M. 

84.0 

77.0 

»«.ra.      11  km. 

11a.m.         1p.m. 

81. B 
88.1 
8».0 

5B.1 
01.4 
S4.« 

Total,  IS  hour*..... 
Rot.  84-85 : 

'417.4I 

118.1 

81.8 

Bl.O 

9  a.m.       Ila.m 

89.7 

87.0 

5P'"-      'P"^ 

B>.< 

7p.ni.         »p.m. 

48.8 

43.0 

88.8 

8p.m.         7p.n. 

80.4 

07.7 

45.  <t 

88.1 

99.8 

08.8 

llp.m.        1  a.m 

1a.m.        8a.m 

8a.m.        6a.m 

81.8 
88.1 
■l.lt 

•«.8 
SO. 4 
08.0 

eoB.o 

Hot.  at-W: 

OkU.        11  LH. 

ll«.m.         lp.D 

80.1 

87.8 

SO.S 
«4.8 

B5.1 

■*»■■ 

Hot.  9»-M: 

KG.l 

BO.D 

7a.m.  to  >a.m 

48.0 

110.8 

as.s 

«.7 

88.3 

lla-m.        lp.m 

88.8 

78.8 

Be.4 

87. 6 

■  p.m.        5p.m 

88. S 

74.4 

SO. a 

7p.m.        ep.m 

88.0 

84. S 

84.7 

85.8 

80.8 

11p.m.         la.m 

1a.m.        ■a.m. 

8a.m.        5a.m. 

8B.8 
84.8 
SB.O 

78.8 
57.8 
M.5 

070.7 

5a.m.        7a.m. 

8B.a 

77.4 

940.B 

■  Dot!  not  iBclDde  comctJoai  t 


tiMti  mad«  tor  water  gained  or  loat  Mr  ebair,  Iwddliig,  and  mlMcIlaBeoni 
BSMTlmciit  Wo.  81,  NoTcmbCT  Sl-23,  47.8  (mnB  lort;  November  22-28,  4.8 
mt  No.  82,  NoTtmber  24-25,  10.0  gramt  loat ;  Norembai  20-20,  24.0  grama 

tbutttt  Is  weight  ot  elutr  and  beddUiK- 


Digitized  by  Google 


iHVLtJBKOB  Of  iHANTnON  < 


Tabu  ISC— JlMord  of  wator  of  reapirvtUm  and  ptrtplrotUm  ■— ContlatMd. 


Dale  uid  period. 


"X" 


Dmt«  and  period. 


Total 


"ST 


BXFBBIHBNT  No.  W.     H.  B.  D. 


BZPBRIHBNT  No.  It.    N.  M.  P. 


Dee.  «-»: 
Frellmliurj : 

II  p.m.  to    1  a.B.. 


S».ID 


7  K.m. . 
TotKl,  8  honn. . . 
Dee.  fr-«: 


Tout.. 

Dee.  «-T: 


Dee.  S-O: 
Freltmluftry : 


Total,  8  honr*. . 


1  p.m.  Sp.u 

Sp.m.  6  p.m 

T  p.m.  S  p.m 

9  p.n.  11  p.m 

1  >!m!  3  a.m 

S  ■.■».  T  ■.n 


85.8 
87.5 
88.8' 
8T.0 


76.8 
M.4 
M.B 
S9.S 
B9.S 
«.4 
78  .S 

61 .8 
89.8 
80.0 

99. 9 
81.9 


7B.7 
88.4 
08. 0 
01. a 
89  9 
88.7 
70.1 
88.9 
88.0 
73.9 
67.9 
78.8 


<Alla*anca  hea  becB  naOe  for  watw 


Ined  or  loit  br  chair,  beddlnc.  and  nlawtlaiMOiie 


a  b,  Google 


MXTABOLISIC  EZPBBUIXNTB  No8.   79-83,  85,  AXD  89. 


T4BM  IW.— Record  of  footer 

^•i. 

ntti, 

liti. 

4S., 

Date  and  p«ilo4. 

"'  !„••"' 

-^o-n"- 

Data  and  pwlod. 

of  vapor 

•r^- 

■XPEBIHBNT  Hn.  8*.    D.  W. 

im. 

Jan.  9-10 : 

Jan.  10-11: 

Otmh. 

PMllmlDarT : 

8  a.m.  to   Ba-m 

87.7 
89.8 
41.8 
40.1 

44.0 
44.4 

4B.1 

Ba.m.         7a.m 

8B.1 

08.8 

11p.m.  (0  la.n 

1a.m.         Sa.m 

8  I.m.         6B.m 

819.6 

Jan.  11-18  : 

■" 

Sam.         Ta.m 

S».fl 

48.4 

7  a.m.  to   Sa-m 

84.9 

OS. 7 

ToUI.Bhonri 

Ixn.  lO-ll : 

'177.5 

11  am.        1  p 
1  p.m.        8  p 

m 

84.4 
80.8 

OB.S 
64. S 

7a.in.  to   l>a.m 

SS.O 

<8.1 

m 

83.7 

01.9 

ua.m.       11  >-m 

88.7 

B4.1 

5  p.m.        7  p 

87.8 

78.7 

aa.m.        ]p.m 

SS.O 

«8.1 

87.8 

79.9 

80. B 

71. 0 

m 

87.7 

09.8 

8  p.m.         5p.m 

81. S 

64.0 

np.m.         l..m 

80.8 

09.0 

88. B 

71.1 

1a.m.          8am 

SS.B 

61.0 

SS.7 

78. B 

S  *.m.         5a.m 

83.8 

04.8 

Bp.m.      llp.« 

38.8 

78.3 

«'■'»■         Ta-o. 

81.0 

63.4 

1a.m.         S  a.m 

88.8 

68. S 

803.7 

■  AllowaoM  baa  beva 
•rtlclM  as  foDowa 
fram  loiL 


Experiment  No.  89,  Jannar7  10-11>  6 


'  Doe*  not  iDClude  correction!  ti 


'  change!  In  welfht  of  chatr  k 


Dioiiizeab,  Google 


Intlubkck  or  Ikakitiok  oir  Uktabolism. 


H.B.a 

DbU. 

Pviod. 

Cwboa 

dioxiita. 

Oxnm. 

»™a!.,. 

/.i. 

ahamlw 

misht 

•baabw 

M«Bda( 

«xh&«l 

Mod  of 

period. 

brfubjMt. 

p*ciod. 

brnbi«at. 

Oot.  12-13... 

PrelimiaHv: 
n  p.iD.. 

Oram*. 

48.9 

Onmt. 

liUn. 

Ormu. 

11  p.  m.  to    1  a.  m.. 

40.0 

k!? 

1  k.  m.         3  a.  m. . 

89.JS 

41.0 

3  a.  m.         5  a.  m. . 

44.4 

48.1 

Oct.  13-U... 

5a.n>.         7  a.m.. 

39.9 

41.2 

893!? 

Total,  8  hours. 

183.0 

7  a.m.  to    9  a.m.. 

65.4 

67.8 

881.9 

67.3 

9  a.  m.       11a.m.. 

60,6 

54.2 

884.6 

42.7 

11  a 

m.        1pm.. 

61.1 

66.1 

877.2 

49.7 

1  P 

m.         3  p 

m.. 

61.2 

67.4 

878.3 

48.5 

3p 

m.         6  p 

m.. 

49.4 

60.7 

877.2 

47.9 

«P 

m.         7  p 

47.8 

61.7 

8S2.3 

49.6 

7p 

m.         9p 

m.. 

46.3 

60.4 

889.1 

42.0 

»P 

m.       lip 

m.. 

46.6 

61.2 

887.7 

52.0 

Up 

m.         la 

m.. 

46.8 

61.0 

8S6.0 

41.8 

la 

m.         3  a 

m. . 

49.8 

63.0 

886. 1 

61.3 

3  a 

m.         5  a.  m.. 

47.0 

43.4 

894.7 

36.7 

Oct.  14-15... 

£  a 

m.         7  a.  m. . 

46.0 

47.1 

903. 0 

46.4 

To 

tal 

632.0 

576.9 

7  a.m.  to    9  a.  m.. 

62.9 

65.7 

899.6 

00.4 

9B.m.       lla.  m.. 

6S.6 

£4.9 

908.2 

46.2 

11  a.  m.         1  p.m.. 

67.6 

54.1 

894.7 

53.2 

1p.m.         3  p.m.. 

69.2 

66.3 

896.0 

66.0 

3  p.  m.         5  p.  m.. 

67.6 

61.3 

898.7 

61.5 

5  p.  m.         7  p.  m.. 

56. 6 

64.0 

909.3 

46.9 

7  p.  m.         9  p.  m. . 

48.5 

66.8 

913.6 

K.4 

9  p.  m.       II  p.  m.. 

40.1 

45.3 

910,3 

47.8 

II  p.  m.         1  a.  m.. 

43.7 

51.3 

908.S 

61.8 

1  a.  m.         3  a.  m.. 

46.4 

62.1 

903.2 

48.8 

3  a.  m.         5  a.  m. . 

44.3 

45.6 

907.6 

43.4 

6  a.  m.         7  a.  m. . 

43.2 

47.3 

912.7 

42.9 

To 

tal 

636.2 

005.3 

BXPBBIHBN 

THo-Ml    C 

I.R.T. 

a  b,  Google 


HSIUOUBM  EXPBUMSHTB  NoB.   79-83,  86,  AND  89. 


Tabu  1S7.— Seeam  of  etrhtm  Momide  (hmI  ocfffe*— Oontloiwd. 


BSPBUHBHT  No.  Ml     C.  E.  T.  (Otmfd).                                             | 

Data. 

PmmmL 

Cubon  diiniib. 

Oxnm.                1 

1^.1. 

t£1, 

*s£i" 

4^ 

dUUBbW 

•ntatat 

-x? 

^-iSU 

"pwiod. 

i^TlwS. 

UHl 

Owu. 

Qtmu. 

LUw. 

niiiii. 

Out.  27-28... 

7  ft.  m.  to    9  ft.  m. . 

45.4 

73.6 

938-7 

70.8 

9  ft.  m.       11  ft.m.. 

42.1 

950.6 

43.9 

11  a.  m.         1  p.  nt.. 

32.7 

66!2 

950.8 

46.3 

1p.m.         3  p.m.. 

24.7 

49.0 

955.8 

39.3 

3  p.  m.         S  p.  m.. 

30.9 

51.3 

945.6 

50.8 

5  p.m.         7  p.m.. 

22.6 

46.2 

960.4 

43.9 

7  p.m.         9  p.m.. 

25.0 

43.3 

960.9 

42.2 

g  p.  m.       11  p.  m.. 

19.5 

43.6 

966.8 

40.3 

11  p.  m.         1  ft.  m.. 

24.2 

68.7 

956.3 

55.8 

1a.m.         3ft.m.. 

23.8 

47.0 

944.2 

43.7 

3ft.m.         6ft.m.. 

27.3 

60.8 

936.3 

61.8 

Oct.  28-29... 

5  ft.  m.        7  ft.  m. . 

Total 

7  a.  m.  to    9  a.m.. 

24.1 

50.0 

937.4 

47.4 

.... 

627.4 

676.2 

36.6 

64.3 

928.6 

68.7 

9  a.m.       11  a.  m.. 

27.2 

55.0 

046.7 

48.1 

11  a.  m.         1  p.  m.. 

30.9 

49.5 

938.1 

46.6 

Ip 

m.         3  p.  m. . 

24.4 

62.0 

941.2 

53.2 

3p 

m.         6  p.  m. . 

28.2 

48.2 

948.7 

49.6 

«p 

m.         7  p.  m. . 

26.0 

56.5 

967.4 

59.5 

7p 

m.        9  p.  m.. 

22.2 

51.6 

960.3 

48.8 

flp 

m.        11  p.  m. . 

23.5 

49.3 

966.6 

44.1 

Up 

m.         1a.m.. 

23.4 

67.0 

952.1 

59.0 

1  a 

m.         3  a.  m. . 

21.9 

47.7 

967.1 

43.7 

3  ft.  m.         5  a.  m. . 

24.0 

&.b 

963.0 

53.7 

S  ft.  m.         7  a.  m. . 

32.3 

56.6 

958.6 

63.6 

To 

tal 

640.3 

628.5 

BXPBBIHra 

T  No.  m.    1 

LH.  M. 

vm. 

Not.  21 

1  a.m.; 

26.1 

946.4 

1  a.  m.  to    3  a.m.. 

15.6 

34!? 

956.0 

28:i 

3  ft.  m.         S  ft.  m.. 

21.0 

37.9 

956.7 

30.9 

Nov.  21-22... 

6  a.m.         7  a.m.. 
Total,  6houT8 

7  ft.  m.  to    9  a.m.. 

18.7 

30.9 

957.6 

32.2 

112.5 

91.2 

28.2 

61.6 

962.1 

62  6 

9  a.m.       11  a.  m.. 

29.5 

63.1 

945.6 

62!7 

11  a.  m.         1  p.  m.. 

27.4 

46.7 

941.6 

41. e 

1  p.  m.         3  p.  m.. 

28.1 

42.4 

934.4 

42.4 

3  p.  m.         5  p.  m.. 

29.4 

46.8 

938.3 

46.3 

5  p.  m.         7  p.  m.. 

29.1 

44.0 

042.9 

45.5 

7  p.  m.         9  p.  m.. 

31.7 

44.3 

041.2 

44.9 

9  p.m.       11p.m.. 

21.0 

44.4 

042.9 

41.0 

11  p.  m.         1  a.  m.. 

26.3 

37.9 

036.6 

36.6 

1  a.  m.         3  a.  m. . 

18.4 

35.5 

936.4 

38.9 

3  a.  m.         5  a.  m. , 

19.3 

40.1 

937.3 

36.4 

5  a.m.         7  a.m.. 

21.3 

39.9 

926.2 

38.9 

To 

tal 

634.7 

616.8 

aiizeabjGoOgle 


Imflcbnob  01  Inanition  on  Ketabousic. 


BXPBBIMBNT  Ho.  O.     A.  H. 

H.  <Oont'd). 

DMfl. 

Period. 

OubOB 

dioxide 

0«7«~. 

.JS.^ 

■^ 

aJ:;... 

^ 

dumtMT 

^1^ 

flhambw 

M«>do( 

Mmdol 

p*riod. 

IrnldHt 

p-W. 

hr-W^M. 

wm. 

Onmt. 

Of«M. 

LIUn. 

OtmKt. 

Nov.  22-23... 

7  ft.  m.  to    9  ft.  m.. 

29.0 

69.7 

914.4 

62.3 

9  ft.  m.       llft.m.. 

30.8 

51.7 

909.5 

60.6 

11  ft.m.         1  p.  m.. 

2t.i 

49.2 

898.S 

46.7 

1  p.  m.         3  p.  m.. 

25.0 

38.3 

900.4 

36.1 

3  p.m.         «p.  m.. 

22.1 

37.3 

894.3 

33.3 

6  p.  m.         7  p.  m.. 

29.3 

44.8 

882. 4 

7  p.m.         6p.ro.. 

28.1 

46.9 

878.9 

43.1 

9  p.m.       11p.m.. 

30.1 

39.6 

877.2 

45.9 

11  p.  m.         1  ft.m.. 

27.8 

41.6 

877.0 

40.8 

1  a.  m.        3  a.m.. 

29.7 

33.9 

870.4 

32.2 

3ft.m.         5ft.iii.. 

20.5 

36.3 

874.6 

38.8 

6  ft.  m.         7  ft.  m. . 
Total 

22.0 

46.0 

872.0 

46.6 

624.3 

627.1 

EXPBSIHEN 

T  No.  as.    E 

LC.  K. 

im. 

PreliminaiT: 

Not.  23-24... 

7  p.  m 

44.4 

SS5.4 

7  p.  m.  to    9  p.  01.. 

34.9 

fl9!g 

900.1 

66!3 

9  p.m.       11p.m.. 

29.6 

62.1 

904.3 

60.8 

11p.m.         lft.>it.. 

25.6 

60.2 

897.6 

46.0 

1  a.  m.         3  a.  m.. 

23.6 

46.6 

902.5 

33.9 

3  a.m.         «a.  m.. 

24.1 

51.6 

896.8 

46.7 

Nov.  24-25... 

6  a.  m.         7  ft.  m.. 
ToUl,12faoun  .... 

7  ft.  m.  to    9  a.m.. 

27.2 

52.0 

889.0 

342.2 

uT 

82.7 

868.2 

80.2 

d  a.  m.       11  ft.  m. . 

39.3 

72.1 

863.9 

66.9 

11  a.  m.         1  p.  m.. 

43.3 

66.8 

844.9 

64.3 

1p.m.         3  p.m.. 

43.6 

71.3 

840.8 

63.7 

3  p.  m.         6  p.  m.. 

33.1 

66.0 

848.0 

47.2 

6  p.  m.         7  p.  m.. 

34.2 

56.7 

848.0 

47.1 

7  p.m.         9  p.m.. 

42.7 

70.4 

834.2 

69.2 

9  p.  m.       11  p.  m.. 

32.1 

62.9 

840.8 

68.4 

11  p.  m.         1  ft.  m. . 

36.9 

66.8 

827.1 

47.3 

1  a.  m.         3  a.m.. 

37.9 

47.7 

821.4 

44.6 

a  b,  Google 


Hetabousii  Ezfbruibkts  Nob.  79-83,  85,  and  i 


Tuu  167.- 

Racora  of  carhom  iioxUe  and  (wyveii— Contlnned. 

BXPIBIMKHT  No.  «.    B.C.  K.  (CkmtW. 

Dmte. 

Period. 

Cubon  dloxUa. 

Ouiroii. 

Amount  In 

t6> 
ToUI 

i.„'SUi. 

.&t 

chamber 

weiFht 

ohamber 

at  end  of 

exhaled 

•tend  of 

period. 

bjMbJeot. 

period. 

UN. 

Owu. 

anm4. 

LUtn. 

Onmt. 

Nov.  26-28.. 

40.7 

88.8 

803.6 

86.6 

»  a.  m!      11  a.  m. 

36.3 

63.0 

814.1 

69.4 

11  a.  m.         1  p.  m.. 

42.6 

72.0 

801.6 

70.9 

1  p.  m,         3  p.  m.. 

42.0 

62.8 

812.1 

69.3 

3p 

m.         6  p.  m . . 

42.2 

64.2 

819.2 

61.8 

6p 

m.         7  p.  m.. 

39.8 

66.7 

822.9 

67.1 

7p 

m.         9  p.  m. . 

63.0 

71.1 

809.1 

76.4 

flp 

m.       Up.  m,. 

63.0 

71.3 

813.3 

68.9 

lip 

m.         1  a.  m. . 

34.2 

65.1 

812.3 

60.4 

la 

m.         3  a.m.. 

43.6 

60.6 

803.4 

44.8 

3  a 

m.         fi  a.  m. . 

38.1 

62.7 

805.2 

52.8 

6B.III.         7  a.m.. 

34.0 

69.1 

800.2 

57.4 

To 

tal 

.... 

767.3 

733.8 

BXPKBIHS^ 

T  No.  BS.    H.  H.  D. 

um. 

Dm.  4-« 

11p.m.. 

25.8 

924.0 

11  p.  m.  to    1  a.  m.. 

26.8 

49.4 

926.4 

45!8 

1a.m.         3B.m.. 

21.7 

36.6 

942.4 

32.4 

3  a.  m.         5  a.  m. . 

26.7 

40.2 

946,1 

41.9 

£  a.  m.         7  a.  m. . 
ToUl.Shoun 

23.4 

42.6 

960.6 

32.6 

.... 

_i?8-8 

152.7 

Deo.S-4 

7  a.  m.  to    9  a.  m.. 

33.1 

67.8 

962.6 

76.9 

0  a.m.       11a.m.. 

29.7 

66.1 

961.6 

48.1 

11a.m.         1p.m.. 

32.1 

58.4 

966.6 

68.8 

1  p.  m.         3  p.  m.. 

24.9 

44. S 

967.0 

36.6 

3  p.  m.         5  p.  m.. 

28.4 

61.1 

970.3 

61.8 

6  p.m.         7  p.m.. 

26.6 

46.0 

957.6 

41.4 

7  p.  m.         9  p.  m.. 

30.6 

64.4 

960.4 

61.6 

9  p.  m.       11  p.  m.. 

29.0 

60.5 

963.1 

11p.m.         1a.m.. 

28.6 

48.4 

956.1 

49.0 

1a.m.         3  a.m.. 

26.9 

41.3 

967.2 

36.0 

3  a.  m.         S  a.  m. . 

28.2 

42.9 

946.2 

45.5 

5  a.  m.         7  a.  m. . 

29.7 

46.0 

945.5 

42.2 

To 

tal 

606.7 

586.2 

Dioiiizeab,  Google 


Inflckkoe  or  Ihanition  on  UrEAWUSM. 


Tabu  187.- 

Record  of  carUM  aiottUa  and  wegff^w-Ctmiinma. 

■XPBIUURMTNo.aL    H.  iLD.  (Oont>d).                                                     | 

DaU. 

Pariod. 

CHtMMi  dioxid*. 

o«^      X   t\ 

A^U 

^a 

Aj^i*.;* 

•U'i. 

duunlMr 

..iKfat 

DbuntMr 

■ttndof 

tlhMitd 

p«riod. 

brmbJMt. 

"Uiod. 

bj-Mbj-*. 

MO*. 

Ortrnt. 

Oram.. 

Liun. 

OroM. 

Dm.  6-7 

7  a.  m.  to    9  a.  m. . 

41.6 

67.6 

926.4 

74.2 

9ft.in.       11a.m.. 

34.8 

46.4 

941.3 

32.8 

11  a.  m.         1  p.  m.. 

38.3 

55.3 

927.1 

59.3 

1  P 

m.         3  p.  m. . 

34.6 

44.6 

925.2 

32.0 

3p 

m.         6  p.m.. 

39.6 

51.6 

923.7 

55.6 

6P 

m.         7  p.  m. . 

36.4 

42.2 

926.0 

38.9 

7p 

m.         9  p.m.. 

29.0 

56.3 

922.3 

65.4 

9p 

m.       11  p.  m . . 

34.3 

45.2 

918.7 

29.9 

Up 

m.         1  a.  m. . 

23.6 

42.6 

920.5 

36.1 

li 

m.         3  a.  m. . 

21.6 

38.9 

919.6 

43.9 

3  a 

m.         5  a.  m. . 

23.4 

41.5 

913.8 

39.0 

5  a 

m.         7  a.  m. . 

26.1 

47.0 

912.4 

47.3 

To 

tal 

579.2 

554.4 

BXFBKIMB 

ITNo. «.   K 

.ILP. 

IMS. 

PreliminMy: 

D«.  »-9 

n  p 
lip 

31.2 
29.3 

SS.3 

911.6 
908.6 

53:6 

m.to  "i'i."m!; 

1  a.  m.         3  a.  m. . 

28.1 

50.2 

912.3 

41.7 

3  a.m.         5  a.m.. 

24.9 

47.2 

916.8 

33.1 

Deo.  9-10. . . . 

5  a.m.         7  8.  m.. 

Total,8houn 

7  a.  m.  to    9  a.m  . . 

27.6 

51.9 

916.5 

47.7 

207.6 

175.5 

stT 

78.1 

904.0 

89.7 

9  a.m.       11  a.  m.. 

35.7 

62.4 

896.1 

55.8 

Ua.  m.         1p.m.. 

39.8 

70.1 

890.3 

57.0 

Ip 

m.        3  p.  m. . 

33.3 

55.6 

888.1 

47.8 

3p 

m.         6  p.  m. . 

31.0 

55.4 

883.1 

62.1 

5p 

m.         7  p.  m.. 

31.1 

57.2 

870.7 

49.4 

7p 

m.         9  p.  m. . 

34.0 

65.4 

854.7 

67.1 

9p 

m.       11  p.  m. . 

29.4 

54.7 

841.8 

61.1 

lip 

m.         lim.. 

27.9 

52.0 

S2S.3 

39.9 

la 

m.         3  a.  m. . 

26.6 

46.9 

808.9 

46.2 

3  a 

m.         fi  a.  m. . 

31.6 

49.9 

789.4 

46.0 

5  a 

m.         7  a.  m. . 

28.4 

49.0 

778.7 

45.4 

To 

tal 

696.6 

627.5 

Dioiiizeab,  Google 
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Tabu  167.— Aecord  o/  oorbon  MoxiOa  and  oxygen — Continued. 


BXPBaiHBNT  No.  O.    N.  M. 

P.  (CODt'd). 

1 

Date. 

Period. 

CubOD  dioxide. 

OijBen. 

iJ?..u. 

T?i, 

aJ:'..» 

m 

Total 

obember 

•v-aa 

ohambec 

■tend  of 

period. 

byiubjeot. 

period. 

by  lubjeot. 

IMC 

Dec  10-11... 

7  a.  m.  to    9  a.  m.. 

39.9 

77.0 

766.6 

67.3 

e  a 

m.       11  a.  m. . 

34.2 

62.2 

769.3 

60.0 

11  a 

m.         1  p.  m. . 

34.3 

61.8 

763.0 

61.0 

1  P 

m.        3  p.  m. . 

34.4 

61.9 

760.2 

61.9 

3p 

m.         S  p.  m.. 

34.5 

66.6 

776.4 

60.2 

Op 

m.         7  p.  m.. 

30.4 

66.7 

789.0 

66.9 

7p 

m.        9  p.  m. . 

36.0 

67.6 

788.8 

67.1 

9p 

m.       11  p.  m. . 

30.3 

61.6 

802.3 

60.3 

lip 

m.         1a.m.. 

28. 9 

56.2 

801.5 

61.2 

la 

m.        3  ft.  m. . 

26.3 

60.7 

798.5 

48.7 

3  a.  m.        5  a.  m.  . 

28.7 

52.9 

796.6 

60.6 

5  a.  m.         7  a.  m.  . 

28.7 

65.3 

703.0 

49.8 

To 

tal 

719.3 

676.6 

BXPBBIH 

NT  No.  m. 

D.  W. 

urn. 

Freliminaiy: 

Jan.   0-10 

11  p. m 

42. S 

938.3 

11  p.  m.  to    1  a.  m.. 

33.4 

K.2 

943.3 

54^8 

1  a.  m.         3  a.  m. . 

29.7 

61.5 

046.6 

45.0 

3  a.  m.         6  ».  m. . 

30.4 

66.2 

967.1 

46.0 

Jan.  10-11... 

5  a.m.         7  a.m.. 

Total,8houn 

7  a.  m.  to    9  a.  m.. 

31.2 

62.7 

957.3 

50.0 

226.6 



196.6 

36.9 

76.1 

966.7 

62.4 

9  a 

m.       11  ft.  m. . 

28.9 

67.3 

076.4 

37.4 

11  a 

m.         1  p.  m. . 

28.9 

63.2 

069.0 

46.8 

Ip 

m.         3  p.m.. 

33.8 

66.6 

950.4 

67.1 

3p 

m.         6  p.  m. . 

29.1 

64.4 

064.6 

40.0 

5p 

m.         7  p.m.. 

30.6 

63.6 

058.8 

68.4 

7P 

m.         9  p.  m. . 

38.4 

60.4 

953.9 

56.3 

9p 

m.       Up.  m.. 

39.7 

74.6 

949.8 

79.6 

Up 

m.         1  ft.  m. . 

33.6 

60.3 

956.0 

38.9 

I  a 

26.6 

48.2 

966.2 

46.0 

3  a 

m.        £  a.  m.. 

34.0 

56.8 

966.6 

47.7 

Jan.  11-12... 

6  a.  m.        7  a.  m. . 
Total 

7  ft.  ro.  to    9  a.m.. 

29.6 

64.0 

066.1 

54.9 

722.4 

645.4 

46.8 

05.7 

964.1 

67.3 

9  a 

m.       lift.  m.. 

29.6 

54.6 

076.7 

44.4 

11  a 

m.         1  p.  m.. 

43.7 

68.6 

067.4 

62.6 

1  P 

m.        3  p.  m. . 

38.8 

66.0 

951.4 

74.7 

3p 

m.         5  p.  m. . 

44.7 

50.8 

942.0 

49.7 

6p 

m.         7  p.m.. 

36.0 

66.9 

942.8 

74.6 

7p 

m.         9  p.  m. . 

61.4 

76.1 

922.2 

66.7 

.9p 

m.       11  p.  m.. 

40.3 

67.7 

921.2 

76.1 

Up 

m.         1  a.  m.. 

64.7 

63.0 

907.9 

40.4 

1  a.  m.        8  a.  m.  . 

30.5 

49.5 

017.0 

49.8 

3  a.  m.         6  a.m.. 

28.7 

60.3 

012.3 

48.2 

5  a.  m.         7  a.  m.. 
Total 

25.2 

47.4 

008.2 

37.8 

706.5 

681.3 

17 

:  h    C,L 

Jnfldehce  of  Inanition  on  Metabolisu. 


(a) 
Total 
«i«bt. 

-B- 

Cart>on. 

A. 

Ou-b™. 

(0 
Aih. 

BxPBBiUEHT  No.  79.     H.E.S. 

Firtt  day,  Oct.  iS.  1905. 
Income:  Ozygen  from  air. ... 
Outgo: 

VlTiO 

Gtmu. 

Oramt. 

Oramt. 

Oramt. 
676,90 

Onmt. 

090.08 
81.13 

<32.0S 

k'.ii 

«!s7 
ITSISS 

111.40 
1.75 
74.64 

S84.03 

6.30 

503.84 

460.04 

8l78 

Water  of  r«tpir*tlon> 

3830. ao 

1760.80 

8.11 
8.11 

178.06 
178.05 

187.86 
187.85 

1948.86 
1S66.90 

8.78 
8.78 

Second  day,  Oct.  H,  1905. 
Income :  Ozjgen  from  air. . . . 
Ontgo: 

006.27 

006.97 

809. e« 

704.07 
6S5.18 

lilw 

10'.93 
173.34 

00.68 
8.00 

78.79 

710.33 
10.81 
636.38 
4S1.04 

li!i7 

Water  of  reaplratlon ' 

3198.8a 
1698,08 

14.85 
14.80 

188.40 
188.40 

173.61 
17S.61 

1810.80 
1311.69 

11.17 
11.17 

EZPIBIMBMT  No.  80.     C.R.T. 
Firtt  day,  Oct.  £7,  ISOS. 

Income :   Oijgen  from  air 

Outgo: 

670. SI 

676.31 

1106.76 
«.66 
930.70 
697.88 

7!7e 

i7i!ii 

138.7)1 

3.07 

108.70 

088.08 

6.70 

838.06 

466.37 

isles 

Water  of  resptratloDi 

9701,84 
3136.88 

7.78 

7.78 

178.33 
178.83 

330.60 

sse.60 

8807.11 
1690.90 

18.08 
18.08 

Becond  day,  Oct.  98,  1905. 

lacoma:  Ozjgen  from  air 

Outgo: 

0S8.S6 

638.56 

7M.80 

43.60 

1060.68 

040.37 

e!96 

9!69 
174 lis 

83.83 
8.57 

118.57 

653.58 

8.64 

941.86 

406.64 

13!  63 

Water  of  reiplratlon  ' 

3478. SO 
1849.66 

9.96 
9.95 

183.05 
188.06 

308.40 
303.46 

3008.63 
1440.07 

18.58 
13.63 

ExpiBiiiBiraN0.81.    A.B.H. 
Pint  day.  Wot..  M.  190B. 

Income :  Ozjgen  from  air 

Outgo : 

610.78 

610.78 

osi.ao 

88.74 

eiii 

7!  58 

60.63 

3.18 

651.74 
7.83 

is!  01 

a  b,  Google 
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Tuu  lW.~EleiMnU  katabolUed  in  body— Continaed. 

^. 

"Sr 

CuboD. 

4. 

Om>i. 

Aih. 

Becond  Oay,  Sov.  S£,  IBOS. 

Income:  OijgBii  from  bIt 

Ontgo: 

537. M 

Oram. 

aramt. 

Qnmt. 

srsa 

Oram. 

788.18 
48.04 
670,74 
BS4.88 

laios 

9148 
us!  98 

87.64 
3. 01 
75.09 

696.63 
11.88 
595.08 
881.85 

ii!s9 

Wmtar  of  niplraUoni 

3086.37 
1499.21 

18.06 
18.06 

169.46 
158.46 

165.61 
165.61 

1688.98 
1166,87 

11.89 
11.88 

ExpiRiHMT  No.  88.     H.C.K. 
Firtt  dav,  Sov.  «,  1»0S. 

Ineoma :  Oxyggn  fiom  air 

Ontgo: 

668.36 

668.86 

B88.6T 
87.18 
B49.10 
740.87 

siss 

7!7i 

sosloi 

60.37 
3.07 
94.88 

478. SO 
8.80 

747.87 
688.88 

9!67 

Wftter  of  reiplntUon' 

81G8.67 
1495.41 

9.88 
9.88 

309. 7B 
809. 7B 

1B6.B7 
166.67 

1778.80 
1110,04 

9.67 
9.67 

Beoond  iay,  Sov.  tS,  ISOS. 

Income :  Oxjgta  from  tlr 

Ontgo: 

788,77 

788.77 

1740.07 
M.9S 
940.50 
767.86 

14!  86 

16!  77 
300! 35 

194.71 

3.69 

106.84 

1646.86 
■    9.88 
88S.S6 

558,01 

ibIbs 

Water  of  reepi™tiOQ» 

8503.76 
8766,99 

14.S6 
14.88 

830.03 
230.03 

808. B4 
808.64 

8918.51 
8314.74 

16.38 
16.  S8 

Ftrat  dav.  Dec  S.  1905. 

Income :  Oxygen  from  Ur 

Ontgo : 

S85.38 

686.33 

1159.81 
46.89 
6S4.S3 

606.70 

islae 

9!76 
165.47 

139.73 
3.66 
76.60 

1039.49 
11.44 
607.93 
441.88 

8 '.19 

349S.78 
ISIO.BO 

18. 3S 
18, 2B 

176.38 
175.33 

808,97 
806.97 

3090.08 
1604.86 

8.19 
8.19 

LOM 

Second  day,  Dec.  6,  1906. 

Income :  Oijgen  from  tlr 

Ooljo, 

564.87 

654,87 

1013. SB 
BS.6I 
678.01 
579.17 

islss 

isItb 

157;  95 

118,39 
3.30 
76.30 

899.10 
14.87 
696.81 
431.83 

bItb 

Water  of  TeepiraUon> 

8816.18 
1761.81 

18,68 
13. BS 

170.73 
170.73 

191.69 
191.69 

1981.60 
1877.18 

8.78 
8.78 

I  Inelodea  alio  wat«r  oC  peraplratlon. 


Dioiiizeab,  Google 


Influence  of  Inanition  on  Mbtabolish. 


Table  168.—Btement»  hatabolixed  in  Etoilv— ConUnued. 

«. 

"Br 

(c) 
CuboD. 

A 

Oij»«. 

tf) 
AmL. 

BxPBMiiiiii  Ho.  85.    N.M.P. 

FiTBt  day.  Dec  9.  190S. 
lDeom«  :  OxTgan  from  air. , . . 

ffraM. 
637.64 

Onrnt 

OrsiM. 

o™~. 

Onmt. 
697.54 

Onm*. 

•  im.is 

•  44. H 

T76.7B 
694.69 

•li!87 

»7!70 
189!9« 

•181.87 

'      1.90 

86.81 

'1046.61 

«     10.28 

688.98 

606.08 

•is!  88 

Water  of  r«iptrftUoD  ■ 

2099.00 
a0«7.40 

11. 8T 
n.87 

1B7.06 

m.«6 

930.64 
B20.84 

3353.60 
1834.96 

19.88 
13.83 

Lou 

Beoond  day,  Dec  10,  1905. 

iDComc :  Ozrgen  trom  tit 

Outgo: 

OTS.ST 

657.57 

04a. 44 
89. M 
81S.4H 
718. 88 

n.ii. 

:::: 

».Z2 
196! 18 

71.89 
3.11 
91.09 

570.55 

9.71 

799.41 

B3S.15 

5!67 

W»t«r<rfre»plr»tloiii 

3813.16 
ISSO.SV 

n.s5 

11.  SB 

304.40 
304.40 

165.03 
105.09 

18B6.89 
1150.35 

6.57 
5.67 

EZPBKtMBICt  No.  89.      D.W. 

Firit  aav,  Jan.  10. 1906. 

IiicoiQ«  :  OxTgen  from  tit 

Ontgo : 

446. S6 

045.80 

S».65 
44.86 
8IB.B7 
?3;>.40 

e!99 

e!88 

197161 

07.09 
2.36 
91.71 

583.40 
10.88 
737.86 
595.89 

is!  84 

W»t*r  of  re«plntlnn  ' 

3180.87 
1541.01 

9.99 
9.99 

305.89 
305.89 

161.06 
101.06 

1796.50 
1181.38 

18.34 
18.84 

Bemmi  Oay,  Jm.  11, 1909. 

Ineomfl:  Ozjgan  from  air 

Oatgo ; 

881.82 

681,89 

493.33 
47.88 
803.74 
705.54 

u!46 

»!e7 

193!i8 

6B.08 
9.81 
89.  BS 

487.14 
19.79 
719.91 
518.11 

7!  45 

2047.88 
1808.56 

14.40 
14.40 

803.30 
308.80 

147.73 
147.78 

1676. 9S 
994.68 

7.46 
7.45 

'  Inelndra  also  water  of  pertplratlOD. 

■  Inclades  estimated  portion  Id  urine  lost    dee  n.  243. 

•Inclnde*  0.82  gram  nltrosen  determluri  In  nrtoe  loat. 

Materials  hatabolized  in  body. — Table  169  Bhows  the  amouiits  of  body 
protein,  fat,  and  glycogen  derived  by  formnlfe  from  the  qnantitieB  of  the 
elements  katabolized  as  shown  in  table  168. 

Balance  of  water. — The  amounts  of  preformed  water  lost  from  the  body  by 
the  several  Bubjecte  of  these  eiperiments,  together  with  the  water  of  oxidation 
of  organic  hydrogen  are  shown  in  table  170.  From  Qua  table  the  soorcea  of 
int&ke  and  output  of  wat«r  may  also  be  found.  The  method  of  obtaining  the 
data  has  already  been  explained. 
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Tabu  IW.—Ualerial*  ftotatalteed  In  boay—MetabolUm  experimenU 
Hot.  79«,  85,  and  89. 

■Dbleot,  and  date. 

(■) 
Wmtsr. 

ProMiO. 

(0) 

Fat. 

drates (as 

Blyooceo). 

A«h. 

IzperinHinl  No.  79.     H.  E.S.: 

Oramt. 
1443 .B3 

is»a.ot 
IBIS. as 

1671.11 

1044.41 
1875.44 

1184.00 
8419. B4 

lfl8S.07 
1487.61 

1714.01 
1904.32 

1171.83 
1061.44 

86.10 

46.08 
59.70 

S4.66 
78.80 

66.88 
86.16 

79.60 
81.18 

68.38 
68.10 

60.94 
86.76 

1B3"^8 

158.17 

141.68 
100.09 

146.93 
161.17 

140.10 
308.66 

1SS.18 
148.93 

137.43 
168.00 

181.80 
183.61 

in.sis 

39. 96 

10S.63 
17.14 

38.78 
'36.78 

165.96 
44.73 

88.78 
41.60 

146.03 
91.64 

166.63 
39.6S 

11.17 

18.98 
18.58 

18.61 
11.23 

9.67 
16.83 

8.19 
8.78 

18.83 
5.57 

18.34 
7.45 

ExperiniBnt  No.  80.     C.  R.  T. : 

ExperlmeDt  No.  81.    A.  H.  M. : 

Bxp«rlni«iit  No.  83.     H.  C.  K. : 

EzperineDt  No.  Sft.     N.  M.  P. : 

liperimeiit  No.  SB.     D.  W. : 

Jan.  11-18,  1906 

■  Olreosen  gained. 

■  Amoutiti  lor  tint  daj,  Dec  9-10,  ar«  ealenlated,  wltb  cleDunU  of  eatlmatad  ailna  lost 
Included.    Bee  p.  34S. 


Out«o  from  tba  body. 

Balance  of  pretormed  vater. 

«.',«.',„, 

WaiJio, 

ro''^ed 

(d-t). 

Wal«r 

"ffr- 

Total 

logkc 
drtik. 

orgaiila 

peraplra- 

waterlD 

OUtffO. 

OnMM. 

Orami. 

Oram*. 

Oram: 

OT«mi. 

OrOBW. 

Oct.  18-14.1906.... 

996.1 

667.0 

1B68.1 

1443.5 

783.5 

061.0 

819.6 

Oe(.  14-16,  1906.... 

809.9 

704.1 

1514 .0 

1899.0 

889.9 

969.1 

316.0 

No.  80.     CB.T.: 

Oct  37-38.  1905..., 

1106.7 

936.8 

9083. 5 

1815.3 

183.8 

1683.4 

317.3 

Oct.  38-39,   1005.... 

784.8 

1060.6 

1796. S 

1571.1 

306.4 

1394.7 

334.8 

No.  81.     A.H.M.; 

Not.  31-33,1906.... 

681.3 

608.6 

1389.9 

1044.4 

3B1.1 

758.8 

186.5 

Not.  23-38,1905.... 

788.3 

670.7 

1458.9 

1875. 4 

19S.S 

1081.6 

178.6 

No.  88.     H.C.K.  : 

Not.  34-86,1906.... 

5S8.6 

843.1 

1880.7 

1134.7 

867.8 

866.9 

356.0 

Not.  86-35,1906.... 

1740.1 

940.5 

3680.6 

'3419.5 

1093.9 

'1830.8 

No.  88.     H.R.D.  : 

Dbc.  6-6,  1905 

1169.8 

684.6 

1848.7 

1636.1 

1467.1 

168.0 

308.B 

Dae.  6-7,  1905 

1018.4 

673.0 

1684.4 

1487.6 

884.8 

603.4 

196. B 

No.  86.     N.H.F. : 

1178.6 

776.8 

1954.8 

1714.0 

704.6 

1009.6 

Dec.  10-11,  1B05. . . . 

648.4 

818.4 

1465.8 

1304.3 

707.7 

496.6 

351.6 

No.  89.     D.W. : 

699. S 

819.6 

1419.1 

1171.9 

116.1 

1066.1 

Jan.  11-13,  1906.... 

498.8 

808. 7 

1394.9 

1061.4 

357.3 

694.8 

348.5 

'  Dora  not  iBElnde  water  of  (ee«t  pMMd  on  tbli  d«7.    See  p.  120. 
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S6S  Influence  of  Inanition  on  MffiABOUSic. 

CHAHfiis  in  Bodt-Weioht  Coufabbd  vith  Bjxutck  or  tnOOKE  AMD  Odtoo. 

Id  table  171  the  changes  of  bodj-wei^t  obtained  by  weighing  the  subjects 
each  morning  are  compared  with  the  losses  of  body  material,  i.  e.,  the  deter^ 
mined  weights  of  the  different  factors  of  the  outgo  lees  thoee  of  the  income. 

Although  the  compansons  in  table  171  do  not  show  exact  baUmcee,  nererfhe- 
1e«,  they  are  in  general  fairly  satisfactory  and  for  the  most  part  there  ia  a 


Tabu  in.—CantparUon  of  oluMffet  in  todv  veigM  kMX  balance  of  Imcmm 

and 

..... 

Ontco. 

(k) 

{<) 

(<» 

ibi 

(«> 

M> 

(•> 

JiU 

(0) 

■zp«rlmen( 

number. 

of 

LOM 

LOM 

^bjejj,... 

W»ter 

gs- 

(a+». 

Prtiie.1 

Oubon 
dlozlde. 

~2" 

penpl- 

>«/,. 

(B-91. 

r-ttoo. 

No.  79.     B.B.S.: 

Oram*. 

Oram* 

Gromt. 

«rMH. 

Oram*. 

Ornu. 

Oram*. 

Oram*. 

OrtMU. 

Oct.  ia-U,1905. 

789.60 

676.  M 

1868.40 

1018.10 

088.03 

806.B8 

8817.101 

958.70 

1089.00 

Oct.l4-lS,  1MB. 

889. M 

(06.37 

946.17 

888.M 

886.18 

704.07 

9S9S.16 

1877.88 

1866. W 

No.  80.     C.E.T.: 

Oct.  37-28,1905. 

188.80 

670.91 

709.01 

879. M 

887.88 

990.78 

9488.84 

1794.88 

1796.00 

Oct  88-»,  1908. 

908.40 

038. 6S 

884.98 

1108.80 

040.37 

1080.88 

9804.60 

1969.00 

1086.00 

No.  8t     A.H.H.: 

NoT.91-as,l»06. 

391.10 

610.78 

807.88 

091.70 

684.08 

008.69 

1704.97 

987.00 

MO.  00 

Not.  92-88,1906. 

198.80 

987.00 

730.80 

787. M 

634.88 

870.74 

1088.97 

1308.11 

1387.00 

No.  BS.     H.C.E.: 

Nov.  a*-36,ie06. 

867.80 

688.30 

1631.00 

669.40 

740.87 

843.10 

9143.87 

091.81 

eoB.oo 

NoT.a»-3«,l«)8. 

1098. M 

788.77 

1836.87 

1083.30 

707.80 

040.80 

■8889. H 

1618.89 

1688.00 

No.  88.     H.B.D.: 

Dm.  6-8,  1MB.. 

1467.10 

ssB.as 

9063.83 

1898.80 

008.70 

084.69 

8687.03 

684.70 

689. M 

Dae.  0-T,  IMS. . 

884.90 

664.87 

1488.67 

1070. M 

879.17 

079.01 

3833.08 

888.61 

804. M 

No.  85.     H.M.P.: 

Dm.    »-10,1WS. 

704.60 

087.64 

1888.04 

■1879.78 

600.69 

778.79 

3863.10 

1690.00 

1408. OT 

Dm.  10-11,190B. 

707.70 

076.57 

1388.87 

870.80 

719.88 

818.48 

3308.80 

830.39 

880. M 

No.  8».     D.W. : 

Ju.  10-11,1908. 

116.10 

046.86 

700.46 

749.06 

733.40 

810.87 

3991.08 

1680.60 

1603.00 

Jm.  11-13,1908 

867. M 

681. S8 

1038.63 

404.70 

706.64 

808.74 

3003.96 

904.40 

980.00 

■  The  data  Id  thU  ealnnm  ihoold  not  Im  ooafonnded  with  nrlna   datk  In  atbM  tkUM.     8w 
upUuMtlOD,  p.  00. 

■  On  Not.  30,  118.0  gram  ot  feces  wen  excreted.    TbU  anunuit  li  not  Indnded  In  Ibe  total 


tendency  for  the  errors  in  the  indiridual  daye  of  each  experiment  to  compensate 
each  other.  A  particularly  poor  balance  was  obtained  on  the  first  day  of 
experiment  "So.  79,  the  reason  tor  which  is  not  known.  The  average  error  in 
terms  of  the  calculated  loss  is  for  experiment  No.  79,  -\-55  grama  or  -|-4.9  per 
cent  of  the  aTerage  daily  loss;  for  experiment  No.  80,  — 17  grams  or  — 0.9 
per  cent;  for  experiment  No.  81,  — 7  grams  or  — 0.6  per  cent;  for  experiment 
No.  82,  — 1  gram  or  — 0.1  per  cent;  for  exp.  No.  83,  — 8  grams,  or  — 1.1  per 
cent;  for  exp.  No.  85,  — 6  grams  or  — 0.6  per  cent;  for  exp.  No.  89,  — 7  grams 
or  — 0.6  per  cent.  The  wide  Tariation  in  exp.  No.  79  is  of  course  due  to  the 
large  error,  130  grams,  on  the  first  day.  In  fJJ  but  two  experimenta  the  larger 
loss  of  body-weight  occurred  on  the  second  day. 


Dig  tizec  by  Google 


Metabolism  ExFEBiKEmiB  Nos.  rD'SS,  85,  akd  89. 
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Odtpctcw  Hbax. 
The  total  heat  prodnctioa  per  period  and  per  day  for  tMa  Beriea  of  experi- 
mente  ia  shown  in  column  d  of  table  173.    ColomnB  a,  h,  and  c  contain  the  data 
essential  to  obtaining  coltunn  d. 

I  hetU  prodMcHon — 


Folod. 

ft) 

(c)l 

(a+6+c). 

79.     H.  E.  8. 

IMM. 

ColoriM. 

CobriM. 

Cabrtm. 

Calarim. 

Oet.l3-U.. 

7  ■•  m.  to    9  ft.  m. . 

168.8 

32.2 

-17.9 

173.1 

9  B.  m.      11  k.  m.. 

130.0 

33.7 

+     .5 

164.2 

11  B.  m.         1  p.  m.. 

136.9 

33.7 

+  18.3 

188.9 

1  p.  m.        3  p.  m.. 

136.9 

33.8 

-16.5 

155.2 

3  p.m.         5  p.m.. 

113.7 

33.3 

+27.1 

174.1 

5  p.  m.         7  p.  m.. 

117.6 

33. S 

-  8.7 

142.7 

7  p.  m.         9  p.  m. . 

114.4 

32.1 

+  2.3 

148.8 

9  p,  m.       11  p.  m.. 

136.6 

33.0 

-  2.4 

167.2 

11  p.  m.         1  a.  m.. 

109.7 

32.9 

+34.0 

176.6 

1  ft.  m.         3  a.  m.. 

139.2 

38. 1 

-19.1 

168.2 

3  ft.  m.         5  ft.  m. . 

101.9 

32.9 

+  12.9 

147.7 

Oct.  14-15. . 

5  ft.  m.     .    7  ft.  m. . 

Total 

7  B.  m.  to    9  a.  m.. 

117.0 

35.4 

+  2.3 

164.7 

1612.7 

404.9 

+33.8 

1051.4 

199.1 

33.0 

-44.6 

187.5 

9  a.  m.       11  B.  m.. 

165.9 

34.4 

-27.2 

163.1 

11  a.  m.         1  p.  m.. 

126.9 

38.2 

+  16.7 

180.8 

1  p.  m.         3  p.  m.. 

141.2 

34.6 

+  3.3 

179.1 

3  p.  m.         5  p.  m.. 

125.1 

35.2 

-  1.4 

158.9 

5  p.  m.         7  p.  m.. 

138.0 

36.8 

+  13.2 

187.0 

7  p.  m.         9  p.  m.. 

133.8 

36.6 

+  8.3 

178.7 

9  p.  m.       11  p.  m.. 

120.9 

36.7 

-21.4 

136.2 

11p.m.         lft.m.. 

119. 1 

35.7 

+34.3 

189.1 

1  ft.  m.         3  a.  m. . 

141.3 

36.4 

-  3.0 

174.7 

3  a.m.         5  ft.  m.. 

134.1 

32.4 

-16.1 

160.4 

80.    0.  B.T. 

Sk.  m.         7  ft.  m.. 
Total 

118.3 

31.8 

+  11.4 

161.5 

1662.7 

420.8 

-26.6 

2047.0 

Oct.  26-27. . 

11  p.m.  to    1  ft.  m.. 

101.2 

30.1 

'+12.6 

'152.9 

1  ft.  m.        3  B.  m.. 

99.6 

40.3 

•148.0 

3  b.  m.        6  b.  m.. 

96.0 

45.5 

'+'8!4 

M49.9 

Oct.  27-28. . 

5  a.  m.        7  ft.  m.. 

Total,8houn 

7  ft.  m.  to    9  B.  m.. 

91.2 

44.8 

'-24.0 

M12.0 

3S8.0 

178.7 

'-  3.0 

"663.7 

101.2 

40.6 

-17.6 

214.3 

9  a.  m.       11  B.  m, . 

161.8 

20.0 

-19.3 

171.6 

11  ft.  m.         1  p.  m.. 

113.7 

60.7 

-22.3 

142.1 

1p.m.        3  p.m.. 

92.9 

44.9 

-  4.4 

133.4 

3  p.  m.        5  p.  m.. 

97.2 

46.7 

+38.6 

181. 6 

6  p.  m.        7  p.  m. . 

100.1 

45.0 

-11.7 

134.3 

7  p.m.         9  p.m.. 

110. 1 

42.4 

-  5.5 

147.0 

9  p.  m.       11  p.  m. . 

109.3 

42.9 

+  1.7 

153.0 

11  p.  m.         1  ft.  m.. 

107.0 

44.3 

+41.3 

192.6 

lB.m.        3  a.m.. 

101.7 

67.2 

-  3.1 

166.8 

3  a.  m.        5  a.  m. . 

99.0 

53.3 

+  9.1 

161.4 

£  ft.  m.         7  ft.  m.. 
Total 

97.6 

62.3 

+  6.4 

166.3 

1381.6 

669.2 

+13.3 

1954.1 

'  DoM  not  iDcladB  corcMtlon  for  cbance  In  tN>dr  tampantOM. 


Inflcencg  of  Inanition  on  Mbiabousu. 


[  Iteat  prodHcMm — 


Period. 

# 

ft) 
HeatdMd 

(e) 
Bob  of 

80.  C.R.T.(«.t 

IflOl 

Cabrim. 

Colmte. 

CabHm. 

Cobrte. 

Oct.  28-29.. 

7  B.  m.  to    »«.  m.. 

193.2 

64.6 

+  33.0 

280.S 

9   B 

m.       11  a.m.. 

14S.9 

4S.8 

-20.1 

171.6 

11  k 

m.         1  p.m.. 

97.4 

62.1 

-  ft. 6 

139.9 

1  P 

m.         3  p.  m. . 

101.4 

£6.4 

+  12.0 

169.8 

3p 

m.         6  p.m.. 

108.3 

53.0 

+  13.8 

175.1 

5p 

m.         7  p.  m. . 

132.4 

64.4 

-  0.3 

186.6 

7P 

m.        9  p.  m. . 

iie.s 

49.1 

-11.2 

164.7 

9p 

m.       11  p.  m. . 

118.4 

49.3 

+  2.6 

170.3 

Up 

m.         1  a.  m.. 

113. 5 

66. 4 

-  8.9 

161.0 

la 

m.        3  a.  m. . 

105.2 

66.0 

-  6.3 

163. ft 

3  a.  m.         fi  a.  m. . 

121.1 

BOA 

-11.6 

160.0 

81.  A.H.  M. 

5  a.  m.        7  a.  m. . 

Total 

PreUminaiy: 

116.6 

51.4 

+  9.0 

175.9 

1469.1 

627.9 

+  2.6 

2099.6 

Nov.  20-21.. 

I  a.  m.  to    3  a.  m. . 

70.3 

36.6 

»-  3.6 

» 106.2 

3  a.  m.         5  a.  m.. 

69.3 

33.0 

'+  6.0 

'108.3 

Nov.  21-22. . 

6  a.m.         7  a.m.. 
TotaI,6bour« 

7  a.  m.  to    9  a.m.. 

66.9 

31.9 

•+  9.6 

'107.6 

208.5 

100.4 

'+12,0 

•320.9 

160.4 

36.6 

-  3.8 

182.2 

ft  a.m.       11  a.  m.. 

136.2 

39.9 

-26.4 

149.7 

11  a.  m.         1  p.  m. 

130.0 

34.7 

-10.7 

164.0 

1  p.  m.        3  p 

110.2 

33.0 

+43.9 

187.1 

3  p.  m.         S  p 

m.. 

130.6 

32.9 

-23.6 

140.1 

5  p.  m.         7  p 

m.. 

120.3 

33.6 

+  10.7 

164.6 

7  p.  m.         9  p 

m.. 

lift. 6 

31.0 

-10.2 

140.3 

B  p.  m.       11  p 

122.6 

28.2 

-17.3 

133.5 

11  p.  m.         la 

65.0 

29.9 

+27.1 

122.0 

1  a.  m.         3  a 

70.4 

29.3 

+  2.8 

102.6 

3  a.  m.         5  a.  m. . 

84.9 

29.1 

-12.4 

101.7 

Nov.  22-23.. 

5  a.  m.         7  a.  m. . 

Total 

7  a.  m.  to    9  a.  m. . 

72.3 

31.4 

+47.2 

160.9 

1311.4 

388.7 

+28.4 

1728.5 

mTo' 

33.7 

-26.1 

178.6 

9  a.  m.       11  a.  m. . 

164.1 

38.3 

-  7.7 

184.7 

11  a.  m.         1  p.  m.. 

149.8 

32.8 

-  S.8 

176.8 

l.p 

m.         3  p.  m. . 

89.7 

30.4 

-  8.6 

111.6 

3p 

m.        5  p.m.. 

68.9 

29.6 

+22.9 

121.4 

6p 

m.         7  p.m.. 

126.2 

34.7 

+  18.6 

17ft. 3 

7p 

m.         ft  p.  m. . 

106.6 

33.6 

-23.7 

116.6 

9p 

m.       11  p.  m. . 

120.6 

34.3 

+  2.7 

157.7 

lip 

m.         I  a.  m. . 

87.3 

32.9 

+23.3 

163.6 

1  a 

m.         3  a.  m. . 

93.8 

33.2 

+  6.8 

132.8 

3  a 

m.         5  a.  m.. 

93.0 

32.6 

-  4.6 

121.1 

5. 

m.         7  a. 

m.. 

99.0 

33.7 

+  13.9 

146.6 

dbjGoogle 


Mjsuboiasm  Ezpebimbntb  Nos.  79-8 


:^ 

Paiod. 

DUMUnd 

-ST 

») 

i5^ 

tkna.) 

iS8u 

8».    H.C.K. 

ins. 

Preliminiirr: 

Ctlmim. 

■  Calorim. 

Cobria. 

CatortM. 

Nov.  23-24. . 

7  p.  m.  to    9  p.  m.. 

168.9 

43,7 

•-   6.0 

•   206.6 

9  p.m.       Up.  m.. 

168.8 

40.0 

'-   1.2 

»   207.6 

11  p.  m.         1  a.  m.. 

117.0 

41.2 

'  +  11. 4 

■    160.6 

1  It.  m.         3  a.  m. . 

89.3 

38.2 

'-  6.0 

■   121.6 

3  a.m.         6  a.m.. 

93.7 

38.6 

'+  6.0 

•   138.3 

Nov.  24-26. . 

6  ft.  m.         7  a.  m. . 
Total,  J2  bouw 

7  a.  m.  to    9  a.m.. 

116.2 

46.6 

'-  6.4 

»   156.4 

763.9 

247,3 

•-  1.2 

•1000.0 

210.7 

SS.3 

-19.8 

250.2 

9  a.  m.       11  a.  m.. 

167.6 

62.0 

+  21.8 

241.4 

11  a.  m.         1  p.  m.. 

166.8 

36.9 

-51.2 

150.6 

1  p.  m.        3  p.  m.. 

164.8 

43.fi 

+  7.4 

215.8 

3  p.m.         6  p.m.. 

111.4 

44.2 

-  9.6 

146.1 

6  p.m.         7  p.m.. 

117.7 

40.6 

+  7.7 

166.9 

7  p.  m.         9  p.  m.. 

172,1 

42.3 

+  10.5 

224.9 

9  p.m.       11p.m.. 

160.0 

39.2 

-  8.6 

199.6 

11  p.  m.         1a.m.. 

101.0 

38.0 

+20.3 

160.2 

I  a.  ro.         3  a.  m. . 

122.2 

30.3 

-  7.2 

146.3 

3(1.  m.         5  a.m.. 

106.8 

38.1 

+20.3 

104.2 

Nov.  26-26.. 

5  a.m.         7  b.  m.. 

Total 

7  a.  m.  to    9».  m.. 

106.6 

40.2 

+  10.7 

157.6 

1714.7 

604.6 

+  2.4 

2221.6 

236.6 

64.1 

-28.9 

270.8 

9  a.  m.       11  a.  m.. 

171.4 

49.6 

-12.7 

208.3 

11a.m.         1p.m.. 

165.9 

45.2 

+18.9 

230.0 

1  p.  m.         3  p.  m.. 

161.0 

43.7 

-  7.9 

196.8 

3  p.  m.         6p.  m. . 

136.6 

42.8 

+  10.2 

188.6 

6  p.m.         7  p.m.. 

173.3 

42.6 

+  6.2 

222.1 

7  p.  m.        9  p.  m.. 

192.2 

48,7 

+  16.8 

268.7 

9  p.  m.       11  p.  m.. 

191.0 

46,3 

-12.0 

226.3 

11  p.  m.         1  B.m.. 

108.2 

42.0 

+  2.5 

162.7 

1a.m.         3  a.m.. 

111.7 

33.0 

+  18.2 

162.9 

3  a.  m.         5  a.  m. . 

130.4 

40.0 

+  3.8 

174.2 

88.    H.B.  D. 

S  a.  m.         7  a.  m. . 
Totd 

128.7 

44.6 

+  15.6 

188.9 

1904.9 

542.6 

+29.7 

2477.2 

Prelimmary: 

Dec.  5 

11  p.  m.  to  1  a.  m.. 

94.9 

46.7 

•-  3.6 

»   137.0 

1  a.  m.         3  a.  m. . 

80.7 

43.2 

>-  4.8 

>  128.1 

3  a.  m.         6  a.  m.- 

86.2 

36.9 

»+  1.2 

'  123.3 

6  a.  m.         7  a.  m. . 
Toua,8houn 

80.6 

35.7 

•  +  2.4 

'  118.7 

360.4 

161.6 

[~7ZTs 

'  607.1 

a  b,  Google 
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Continued. 

■%^ 

Period. 

^^. 
^ 

Bom  of 

(a+fc+«). 

8S.  H.B.D.  <™i. 

UOL 

CoioriM. 

Caiarim. 

CobfiM. 

CwMm. 

Dm.  S-0. . . 

7  a.  m.  to    9  a.  m.. 

174.4 

42.5 

-  7.4 

209. S 

9  ft.  m.       11  ft.  m.. 

131.4 

36.2 

+  4.1 

171.7 

11  ft.  m.         1  p.  m. . 

169.4 

36.5 

-11.3 

184.6 

1  p.  m.         3  p.  ro.. 

106.9 

33.7 

-12.9 

127.7 

3  p.m.         6p.  n... 

120.1 

32.8 

-  6.4 

146.5 

5  p.  m.         7  p.  m. . 

68.0 

38.0 

+  6.6 

U2.6 

7  p.  m.        9  p.  m. . 

176.0 

36.9 

+10.0 

222.9 

9  p.m.       11  p.  m. . 

119.7 

33.4 

-  2.9 

160.2 

11  p.  m.         1  a.  m.. 

97.8 

33.7 

+31.9 

163.4 

1  ft.  m.        3  ft.  m. . 

101.2 

38.4 

-  6.6 

134.1 

3  ft.  m.         5  a.  m.. 

88.7 

33.7 

+  14.5 

136.9 

Deo.  «-7. ... 

6  a.  m.         7  ft.  m.. 
Totftl 

7  a.  m.  to    9  ft.  m. . 

106.2 

36.5 

+  11.8 

163.5 

1449.8 

431.3 

+32.5 

1913.6 

201.4 

47.3 

-28.0 

220.7 

9  a.  m.       11  ft.  m.. 

104.0 

31.8 

-  6.9 

129.9 

11  a.  m.         1  p.  m. . 

186.0 

36.1 

+  13.2 

235.3 

Ip 

m.         3  p.  m. . 

83.6 

31.6 

-  1.7 

113.5 

3p 

m.         S  p.  m. . 

129.3 

33.0 

+  6.1 

168.4 

5p 

m.         7  p.  m. . 

103.7 

32.6 

-  7.7 

128.6 

7P 

m.        9  p.  m. . 

182.2 

36.0 

-14.8 

202.4 

Bp 

m.       11  p.  m. . 

90.6 

32.4 

-10.5 

U2.5 

Up 

m.         1  a.  m. . 

98.7 

33.4 

+31.8 

163.9 

la 

m.         3  a.  m. . 

114.0 

31.3 

-  5.0 

141.2 

3  ft 

m.         6  a.  m. . 

85.6 

29.1 

+  13.0 

127.7 

85.     N.ILP. 

5a 

m.         7  ft.  m. . 

116.3 

32.0 

+14.6 

162.8 

Total 

PieUminftrr: 

1496.3 

406.5 

+  6.0 

1906.8 

Dec.  9 

11  p.  m.    to  1  ft.  m.. 

123.8 

41.6 

•+  6.0 

» 171.3 

1  a.  m.        3  a.  m. . 

134.  S 

36.0 

•-  6.4 

•166.1 

3  a.  m.         C  ft.  m. . 

99.2 

34.9 

'+  7.8 

•141.9 

Dec.  9-10. . 

6  ft.  m.        7  ft.  m. . 
Total.Shoura 

7  a.  m.  to   0  a.  m. . 

89.7 

34.2 

»+  3.0 

•126.9 

447.2 

146.6 

•+11. 4 

•606.2 

202.6 

43.6 

-28.6 

217.6 

9  a.m.      11a.m.. 

168.3 

38.6 

-  0.4 

196.6 

11  ft.  m.         1  p.  m.. 

166.1 

37.5 

-13.4 

180.2 

1  p.  m.        3  p.  m. . 

112.0 

33.4 

+  7.4 

152.8 

3  p.  m.         6  p.  m. . 

132.7 

33.4 

+26.6 

192.6 

5  p.  m.         7  p.  m.. 

121.6 

36.8 

+  1.6 

160.0 

7  p.  m.        9  p.  m.. 

180.1 

41.7 

+  4.9 

226.7 

9  p.m.       Up.  m.. 

160.8 

34.4 

-23.2 

162.0 

11  p.  m.         1  a.  m.. 

93.8 

35.3 

+16.6 

146.7 

1  a.  m.        3  a.  m.. 

131.6 

33.7 

-  7.7 

157.6 

3  ft.  m.         fi  ft.  m.. 

104.6 

33.6 

+  19.7 

157.8 

fi  a 

m.         7  ft.  m. . 

104.3 

84.8 

+20.2 

169.3 

,oiize=b,  Google 


Metaboubu  Expebiuents  Nob.  79-83,  85,  akd  E 


date. 

Fwtod. 

0) 

Sum  of 

bMtOHIWC 

(«+6+eX 

U.  N.IC.P.(<»u 

1«». 

Cotoria. 

CoJoriM. 

Cahrim. 

Calmim. 

D«C.  10-11.. 

7  a.  m.  to   9  a.  m.. 

216.0 

44.0 

-29.0 

231.0 

9  a 

m.       11  a.  m.. 

162.8 

37.9 

-  0.6 

200.2 

11  a 

m.         Ip.  m.. 

161.5 

39.2 

+   6.5 

207.2 

IP 

m.         3  p.m.. 

160.6 

36.6 

+  11.6 

108.8 

3p 

m.         S  p.  m.. 

110. 1 

36.8 

+  20.6 

166.5 

fip 

m.         7  p.  m. . 

144.5 

41.0 

+  9.1 

194.6 

7p 

m.         9  p.m.. 

186.4 

41.9 

+  3.6 

230.9 

9p 

m.       11  p.  m. . 

158.4 

41.1 

-16.3 

184.2 

lip 

m.         1  a.  m. . 

109.0 

40.6 

+27.9 

177.6 

ll 

m.         3  a.  m.. 

132.4 

43.5 

-  2.8 

173.1 

3  a 

m.         6  a.  m. . 

114.3 

40.5 

+  8.0 

162.8 

OT.    D.W. 

5  a.  m.         7  a.  m. . 

Total 

Pretiminaiy: 

127.7 

43.6 

+  6.6 

177.9 

1772.7 

486.7 

+46.3 

2304.7 

Jan.  9 

11  p.  m.    to  1  a.  m.. 

102.7 

44.6 

H10.8 

•168.1 

1  a.  m.         3  a.  m. . 

128. 9 

44.4 

'+  3.6 

» 177.0 

3  a.  m.         6  a.  m.. 

121.8 

46.1 

'-10.8 

M57.1 

Jan.  10-11.. 

6  a.  m.         7  a.  m.. 
Total,  8  hours   

7  a.  m.  to    9  a.  m.. 

101.8 

42.4 

•+  7.2 

M61.4 

455.3 

177.5 

'+10.8 

»643.6 

207.8 

40.7 

-17.3 

231.2 

9  a 

m.       11  a.  m.. 

100.5 

38. S 

-28.9 

110.1 

11  a 

m.         1  p.  m. . 

97.4 

39.6 

+  2.2 

139.2 

Ip 

m.         3  p.  m.. 

186.5 

42.6 

+27.0 

266.0 

3p 

m.         S  p.  m. . 

89.9 

38.7 

-19.9 

108.7 

6p 

m.         7  p.m.. 

180.0 

42.6 

+  19.0 

241.6 

7p 

m.         9  p.m.. 

141.4 

43.4 

-  2.6 

182.2 

9p 

m.       11p.m.. 

211.1 

43.8 

-18.0 

236.9 

lip 

m.         1a.m.. 

91.3 

41.4 

+  19.6 

152.2 

la 

m.         3  a.  m.. 

134.2 

38.1 

-18.3 

164.0 

3    B 

m.         fi  a.  m. . 

117.8 

40.7 

+  16.6 

175.0 

Jan.  11-12. . 

S  a 

m.         7  a.  m.. 

118.6 

40.8 

+  3.6 

163.0 

Total 

7  a.  m.  to    9  a.  m.. 

1676.5 

490.8 

-17.2 

2150.1 

204.9 

38.9 

+  1.3 

245.1 

9  a.m.       11a.m.. 

101.6 

36.2 

-18.6 

119.1 

11a.m.         1p.m.. 

118.4 

40.5 

+  7.3 

166.2 

1  p.m.         3  p.  K.. 

208.7 

38.2 

+17.5 

264.4 

3  p.  m.         5  p.  m. . 

87.7 

36.7 

-13.1 

111.3 

5  p.m.         7  p.m.. 

202.0 

43.7 

+  9.0 

264.7 

7  p.  m.         9  p.  m.. 

161.9 

47.4 

+  1.1 

200.4 

9  p.  m.       11  p.  m.. 

204.0 

41.0 

-10.6 

234.6 

11  p.  m.         1  a.  m.. 

102.3 

41.4 

+47.6 

191.3 

1  a.  m.         3  a.  m. . 

139.0 

36.6 

-42.8 

133.6 

Sam.         6  a.  m. . 

131.2 

38.0 

-  1.0 

168.2 

Sa 

m.         7  a.  m. . 

108.  a 

36.9 

+19.8 

165.6 

,e=b,  Google 
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BAI.UIOI  or  Bhzwt. 
The  comparison  between  the  total  heat  production  as  meaanred  and  the 
complet«d  energy  of  kataboli7«d  body  materi^  is  given  in  table  173. 


Enerff?  dorlTed  from  dUTennt  •onniM. 

«ro«tor(-f)or 
leaa(-)Uiiu 

Prom  body  proUln. 

nanibeT.  aubjeat 

•nddiM. 

<«> 

(») 

(o) 

<<t) 

(>) 

If) 

(P 

<k) 

«> 

ESS 

ener« 

Net 

From 
body 

rat.' 

Prom 
body 
Blyoo- 

Total 

Tot»l 
heat 

Amouot 

(/-(f). 

A. 

(Ii+B). 

Uied. 

DTlDe. 

reD. 

tlOD. 

Ko.  7«.     H.E.8.; 

Oait. 

001*. 

oatt. 

Cat: 

Ool*. 

aula. 

CM*. 

CU. 

iVrel. 

Oct.  18-14,1905. 

376 

73 

808 

1346 

498 

1961 

1961 

+  10 

+  0.5 

Oct.l4-1B,1»05. 

488 

114 

870 

1609 

167 

3046 

3047 

-  1 

No.  80.     C.E.T.; 

Oct  87-38, 1B05. 

364 

76 

189 

1861 

434 

1974 

1964 

+  30 

+  1.0 

Oct  28-38,1906. 

887 

97 

840 

1818 

73 

31SB 

8099 

+  36 

+  1.8 

No.  81.     A.H.M.: 

Not.  81-33,1906. 

309 

80 

389 

1403 

190 

1761 

1789 

+  83 

+  1.8 

Hot.  98-38.1906. 

443 

109 

388 

15S8 

U08 

1768 

1781 

-18 

-1.0 

Ho.  83.     H.C.K.r 

KoT.34-aS,190G. 

818 

88 

330 

18S7 

694 

8861 

3883 

+  89 

+  1.8 

NoT.a5-3e,i8o». 

487 

133 

SS6 

1943 

187 

3494 

8477 

+  17 

+  0.7 

No.  88.     H.R.D. ; 

Deo.  5-0, 1906. . 

449 

118 

333 

1*90 

137 

1960 

1914 

+  46 

+  3.4 

Doc.  6-7,  1905. 

4B9 

151 

308 

1378 

174 

1866 

1907 

-63 

-8.7 

Ho.  86.     N.M.P.: 

Dec.   9-10,1906. 

885 

96 

889 

1316 

618 

3117 

2109 

+   8 

+  0.4 

Dae.  10-11,1906. 

885 

99 

886 

1603 

884 

8878 

8805 

-83 

-1.4 

Ho.  88.     D.W,  ; 

J«D.  10-11,1906. 

8S9 

98 

346 

1367 

694 

8197 

8160 

+  47 

+  3.3 

Jan.  11-13,1906. 

490 

lU 

S7fl 

1743 

166 

8884 

8854 

+  80 

+  1.8 

■  Oljcogen  talned. 

The  average  discrepancy  for  each  experiment  is  as  f ollovs :  Experiment  No. 
79,  +6  caloriea  or  +0.3  per  cent;  for  experiment  No.  80,  -1-23  calories  or 
-|-1.1  per  cent;  experiment  No.  81,  +2  calories  or  +0.1  per  cent;  experiment 
No.  82,  +28  calories  or  +1.2  per  cent;  experiment  No.  83,  — 3  calories  or 
— 0.2  per  cent;  experiment  No.  85,  — 12  calories  or  — 0.6  per  cent;  experi- 
ment No.  89,  +39  calories  or  +1.8  per  cent.  Average  of  7  experimeuta  +18 
calories  or  +0.5  per  cent 


The  oxygen  and  carbon  dioxide  thermal  quotients  and  the  respiratory 
quotients  for  experiments  Noa.  79-83,  8S,  and  89  are  shown  in  table  174. 
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MaTABOLIBM    ExPBHIMBNTa  NOB.    79-83,    85,   AND,* 


<«) 

(fc) 

{=)    1    W) 

(•> 

tf) 

>> 

IM 

'^ 

Poiod. 

i 

il 

M 

!« 

>       * 

1 

if 

fl 

79.  H.K8. 

1 

int. 

Call. 

»«-. 

OnMu. 

Liun. 

Uitn. 

Oct.  13-14. 

7  a.  m.  to   9  m.  m. 

173.1 

67.3   38.9 

67.8 

39.2 

34.5 

47,1 

0,73 

9  a.m.      11a.m. 

164.2 

42.71  26.0 

54.2 

33.0 

27.6 

29,9,    .92  1 

1 1  a.  m.        1  p.  m 

188.9 

49.7 

26.3 

66.1 

29.2 

28.1 

34.8,    ,81  1 

1  p.  m.       3  p.  m 

155.2 

48.5 

31.2 

67.4 

37.0 

29.2 

33,9 

,86 

3p.m.        5p.m. 

174.1 

47.9 

27.5 

60.7 

29.1 

25.8 

33,6 

.77 

S  p.  m.        7  p.  m. 

142.7 

49.6 

34.7 

61,7 

36.2 

26.3 

34,7 

.76 

7  p.m.        0p.m. 

148.8 

42.0 

28.2 

60.4 

33.9 

25.7 

29,4 

.87 

9p.m.      11p.m. 

167.2 

62.0 

31.1 

61,2 

30.6 

26.1 

36.4 

.72 

11p.m.        1a.m. 

176.6 

41.8 

23.7 

60,9 

28,9 

25.9 

29.2 

.89 

1  a.  m.       3  a,  m. 

168.2 

51.3 

32.4 

52.0 

32,9 

26.5 

35,9 

.74 

3  a.  m.        6  a.  m. 

147.7 

36.7 

24.9 

43.4 

29,4 

22.1 

26.7 

.86 

Oot.  14-1S. 

fi  a.  m.       7  a.  m. 

154.7 

46. 4 

80.0 

47,2 

30,6 

24.0 

32.5 

.74 

T 
7a 

tal 

1951. 4 

676,9 

29.5 

632.0 

32,4  I321.8 

403.1 

0,80 

m.  to  9  a.  m 

187.6 

66.41  35.4  66. 7|  35.1 

33.5 

46,6i0.72  1 

9  a.  m.      11  a.  m 

163.1 

45.2   27.7,  64.9  33.6 

27.9 

31,6 

.88 

11a 

180.7 

53.2:  29.4'  54. l|  29.9 

27.6 

37.2 

.74 

Ip 

m.        3  p.  m 

179.1 

55.0!  30. 7|  56.3   31.5 

28.7 

38,5 

.74 

3p 

m.        5p.  m 

158.9 

51.6;  32.41  51.3   32.3 

26.1 

36.0 

.73 

Sp 

m.       7p.  m 

187.0 

46.9 

25.1 

54.6   29.2 

27,8 

,85 

7p 

m.        Op.m 

178.7 

62.4 

29.3 

66.8,  31.8 

28,9 

36,7 

.79 

9p 

m.      11  p.  m 

136.2 

47.8 

35,1 

45.3    33.3 

23,1 

33.6 

.69 

lip 

m.        la.in 

189.1 

61.8 

27.4 

51.3   27.1 

26.1 

36,3 

.72 

la 

m.        3  a.  m 

174.7 

48.8 

27.9 

62.1 

29.8 

26.6 

34.2 

.78 

3a 

m.        5  a.  m 

160.6 

43.4 

28.8 

46.5 

30.2 

23.1 

30.4 

.76 

80.  C.R.Y 

fia 

m.        7a.  m 

161,6 

42.9 

26.6 

47.3 

29.3 

24.1 

30.0 

.80 

T 

tal 

2047^0^ 

606.3 

29.6 

fi:!.i,2 

_310_ 

323.3 

«3^ 

0.76 

Oot.  27... 

lip.  m.  to    la.  m 

' 152.9 

32.2    21.1 

61.6 

40.3 

31.4 

22.6 

1.39 

llm.        3a.  m 

'148.9 

40.4 

27.1 

47.5 

31.9 

24.2 

28,2 

.86 

3  a.  m.        6  a.  m 

'149.9 

39.1 

26.1 

50.2 

33.5 

25,5 

27,4 

,93 

Oct.  27-28 

5  a.  m,        7  a.  m 
Total,8hour«... 
7  a.  m.  to   9  a.  m 

'112.0 

33.0 

29.5 

62,4 

46,8 

26.7 

23.1 

1,16 

'663.7 

144.7 

26.7 

211.7 

37,6 

107,8 

101.3 

1.06 

214.3 

70.8 

33.0 

73.6 

34.3 

37.6 

49.5lO,76  1 

9  a.m.      11a.  m 

171.5 

43.9 

26.6 

68,7 

34.2 

29,9 

30,8 

,97 

11a.m.        Ip.  m 

142.1 

48.3 

32.6 

55,2 

38.9 

28,1 

32.4 

.87 

1  p.  m.        3  p.  m 

133.4 

39.2;  29.4 

49.0 

36.8 

25.0 

27.5 

.91 

3  p.  m.        6  p.  m 

181.5 

50. S<  28.0 

61,31  28,2 

26.1 

35.  e 

.73 

5  p.  m.        7  p.  m 

134.3     44.0  32.7 

46, 2I  34.4 

23.6 

30.6 

.76 

7  p.  m.        9  p.  m 

147.0     42.2   28.7 

43.3;  29.5 

22.0 

29-« 

.75 

9  p.  m.      11  p.  m 

163.9     40.3   26.2 

43,6    28,4 

22.2 

28. i 

.79 

11p.m.        la.m 

192.6     65.8  29.01  68.71  30.6 

29.9 

39. C 

.77 

A1   (1 

sa  ( 

M 

abjGoogle 


INFLCEHCB  of  IlfiOflTION  ON   METABOLISM. 


(<>) 

a) 

(«) 

id) 

(«) 

Cf) 

.,to)   1   CA) 

■^fflr' 

Period. 

i 

*^ 

lit 

H 

ki 

*IP 

"^.■^ 

1 

l~ 

I 

|ii 

ill 

> 

»0.O.».»-(».»M 

IMS. 

CaU. 

Oramt. 

Orami 

Liltrt. 

Lilen. 

Oct.  28-29. 

7  a.m.  to  9*.  m. 

280.8 

68.7 

24.6 

64.3 

22.9 

32.7 

48.1 

0.68 

9  a.  m.      11a.m. 

171.6 

48.1 

28.0 

65.0 

32.0 

28.0 

33.7 

.83 

11  ft.  m.        I  p.  m. 

139.9 

46.6 

33.3 

49.6 

35.4 

26.2 

32.6 

.77 

1  p.  m.       3  p.  m. 

169.8 

63.2 

31.4 

62.0 

30.6 

26.5 

37.3 

.71 

3  p.  m.        5  p.  m. 

175.1 

49.6 

28.3 

48.3 

27.6 

24.6 

34.7 

.71 

Sp.  m.        7p.m. 

186.5 

59.5 

31.9 

56.5 

30.3 

28.8 

41.7 

.60 

7  p.m.        9p.m. 

164.7 

48.8 

31.fi 

61.6 

33.3 

26.3 

34.1 

.77 

9p.m.      11p.m. 

170.3 

44.1 

26.9 

49.3 

28.9 

26.1 

30.9 

.81 

11p.m.        1a.m. 

161.0 

59.0 

36.7 

57.0 

35.4 

29.0 

41.3 

.70 

1  ft.  m.       3  a.  m. 

163.fi 

43.7 

28.4 

47.7 

31.0 

24.2 

30.6 

.79 

3  a.  m.        5  a.  ro. 

160.0 

53.7 

33.6 

52.6 

32.9 

26.7 

37.6 

.71 

81.  A.BM 

5  ft.  m.        7  a.  m. 

175.9 

53.5 

30.4 

66.8 

32.2 

28.8 

37.4 

.n 

Total 
Prelim 

2099.5 

628-5 

29.9 

640.3 

30.6 

325.9 

440.0 

0.74 

mary: 

^"^ 

'~ 



Nov.  21... 

1  ft.  m.  to  3  a.  m. 

'105.2 

28.1 

26.7 

34.7 

33.0 

17.7 

19.7 

0.90 

3  a.  m.        6  a.  m. 

> 108.2 

30.9 

28.6 

37.9 

35.0 

19.3 

21.6 

.89 

NovJl-22- 

5  ft.  m.         7  ft.  m. 
Total,6houn.... 
7  a.  m.  to  9  a.  m. 

'107.6 

32.2 

30.0 

39.9 

37.1 

20.3 

22.6 

.90 

■320.9 

91.2 

28.4 

112.6 

35.1 

57.3 

63.9 

0.90 

182.2 

52.6;  28.9 

61.0 

33.8 

31.4 

36.8 

0.86 

9a.m 

n  a.  m. 

149.7 

52.7   35.2 

63.1 

36.6 

27.0 

36.9 

.73 

11  a.  m 

lp.m. 

154.0 

41.6,  27.0 

46.7 

29.7 

23.3 

29.1 

.80 

lp.m 

3  p.m. 

187.1 

42.4    22.7 

42.4 

22.7 

21.6 

29.7 

.73 

3p.  m 

5  p.  m. 

140.1 

46.2   33.0 

46.8 

32.7 

23.3 

32.4 

.72 

6p.m 

7  p.m. 

164.5 

45.5 

27.7 

44.0 

26.7 

22.4 

31.9 

.70 

7p.m 

9  p.m. 

140.3 

44. Q 

32.0 

44.3 

31.6 

22.5 

31.4 

.72 

9p.  m 

11p.m. 

133.6 

41.0 

30.7 

44.4 

33.3 

22.6 

28.7 

.79 

Up.  m 

lft.m. 

122.0 

36.6 

30.0 

37.9  31.0 

19.3 

25.6 

.76 

la.  m 

3  a.m. 

102.6 

38.9 

38.0 

36.5 

34.6 

18.1 

27.2 

.66 

3  a.  m 

5  a.m. 

101.7 

36.4 

34.8 

40.1 

20.4 

24.8 

.82 

NoT.  22-33. 

5  ft.  m 
Total 
7  a.  m 

7  a.m. 

150.S 

38.9 

26.7 

39.9 

26.6 

20.3 

27.2 

.75 

1728.6 

616.7 

29.9'534.7 

30.9 

272.2 

361.7 

0.75 

to   Qa.  m. 

178.6 

62.3 

34.fi 

69.7 

33.4 

30.4 

43.6 

0.70 

9ft 

11a.m. 

184.7 

60.6 

27.3 

61.7 

28.0 

26.3 

36.3 

.76 

lift 

1p.m. 

176.8 

46.7 

26.4 

49.2 

27.0 

26.1 

32.7 

.77 

Ip 

3  p.m. 

111.6 

35.1 

31.4 

38.3 

34.3 

19.5 

24.6 

.79 

3p 

6  p.m. 

121.4 

33.3 

27.4 

37.3 

30.7 

10.0 

23.3 

.81 

5p 

m 

7  p.m. 

179.3 

52.8 

29.4 

44.8 

25.0 

22.8 

36.9 

.62 

'P 

Sp.  m. 

116.5 

43.1 

37.0 

46.9 

40.3 

33.9 

30.2 

.79 

9p 

m 

11p.m. 

167.7 

46.9 

29.1 

39.6 

26.1 

20.2 

32.1 

.63 

Up 

1a.m. 

163.6 

40.8 

26.6 

41.6 

27.1 

21.2 

28.5 

.74 

la 

3  a.m. 

132.8 

32.1 

24.2 

33.9 

26.5 

17.2 

22.6 

.77 

3a.m 

5  a.m. 

121.1 

38.8 

32.1 

36.3 

29. B 

18.4 

27.2 

.68 

5ft.  m 

7;a.  m. 

146.6 

46.7 

31.2 

46.0 

30.7 

22.9 

32.0 

.72 

Totjil 

1780.6 

527.1 

29.6 

524.3 

29.6 

266.9 

368.9 

0.72 

Dioiiizeab,  Google 
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83.  H.C.E. 

im. 

Prelimiiury: 

Cab. 

Onmu. 

I7ra«. 

LOm*. 

Lifr,. 

Nov.23-24. 

7  p.m.  to   9  p.  m. 

'    206.6 

55.3 

20.8 

09.9 

33.8 

35.6 

38. 7 

0.92 

9  p.m.      11p.m. 

'   207.6 

60.8 

24.5 

62.1 

29.9 

31.6 

36.6 

.70 

lip.  m.        lft.m. 

>    169.6 

47.0 

27.7 

60.2 

36.5 

30.7 

32.9 

.93 

l>.m        3ft.  m. 

■    121.5 

33.9 

27.9 

46.6 

38.2 

23.7 

23.7 

.99 

3  a.  m.        5  &.  m 

'    188.3 

46.7 

33.8 

61.6 

37,2 

26.2 

32.7 

.80 

NovJM-26. 

S  ft.  m.        7  ft.  m 
Tot«l,12houn... 

'  iee.4 

62.0 

33.2 

26.4 

'1000.0 

342.2 

34.2 

174.2 

~ 

260.2 

80.2 

32.1 

82.7 

33.1 

42.1 

66.2 

0.75 

9a.m.      lift.  m. 

241.4 

65.9 

27.3 

72.1 

29.9 

36.7 

46.2 

.80 

11  ft.  m.        I  p.  m. 

160.6 

54.3 

36.1 

66.8 

43.7 

33.6 

38.0 

.88 

1  p.  m.       3  p.  m. 

215.8 

63.6 

29.6 

71.3 

33.0 

36.8 

44.5 

.82 

3  p.  m.        5  p.  m. 

146.1 

47.2 

32.3 

66.0 

38.3 

28.6 

33.0 

.86 

5p.m.        7p.  m 

165  .S 

47.1 

28.4 

66.7 

34.2 

28.9 

33.0 

.88 

7  p.m.       0p.m. 

224.9 

60.2 

30.8 

70,4 

31.3 

35.8 

48.4 

.74 

9p.m.      lip.  m 

199.6 

58.4 

29.3 

02.9 

31.5 

32.0 

40.9 

.78 

11p.m.        i;.m. 

160.2 

47.3 

29.6 

55.8 

34.8 

28.4 

33.1 

.86 

1  ft.  m.       3  ft.  m. 

146.3 

44.6 

30.7 

47.7 

32.8 

24.3 

31.2 

.78 

3  ft.  m.        5  ft.  m. 

164.2 

41.5 

26.3 

48,3 

29.4 

24.6 

29.1 

.85 

NovJS-26. 

6  ft.  m.       7  ft.  m. 
Total 

7  a.  m.  to  9ft.m 

157.5 

43.9 

27.9 

61.2 

32.5 

26.1 

80.7 

.86 

2221.6 

663.2 

29.9 

740.9'  33.4 

377.2 

464.3 

0.81 

270.8 

86.6 

31.6  88. 8^  32.8 

46.2 

69.0 

0.75 

9b 

m.      lla.m 

208.3 

59.4 

28.5 

63.0 

30.3 

32.1 

41.6 

.77 

lift 

m.        Ip.  m 

230.0 

70.9 

30.8 

72.0 

31.3 

36.7 

49.6 

.74 

Ip 

m.        3  p.  m 

1B6.8 

69.3 

30.1 

62.8 

31.0 

31.9 

41.5 

.77 

3p 

m.        5p.  m 

188.6 

51.8 

27.5 

64.2 

34.0 

32.6 

36.3 

.90 

5p 

m.        7p.  m 

222.1 

57.1 

26.7 

56.7 

25.5 

28.9 

40.0 

.72 

7p 

m.       9p.  m 

266.7 

76.3 

29.4 

71.1 

27.7 

36.2 

62.7 

.69 

9p 

m.      11p.m. 

225.3 

68.0 

30. a 

71.3 

31.6 

36.3 

48.2 

.76 

lip 

m.        lS.m 

162.7 

50.4 

33.0 

65.1 

36.1 

28.1 

35.3 

.80 

1ft 

m.        3  a.  m 

162,9 

44.8 

27.5 

60.5 

31,0 

26.7 

31.4 

.82 

3ft 

174.2 

62.8 

30.3 

62.7 

30.3 

26.8 

37,0 

.73 

83.  HJU). 

5ft 

mi         7  a!  m! 

188.9 

67.4 

30.4 

69.1 

31.3 

30.1 

40.2 

.75 

T 

tal 

2477.2 

733.7 

29.6 

767.3 

31.0 

390.6 

513.7 

0.76 

Freliminarr: 

" 

1 

DM.4-fi... 

lip.  m.  to    lft.m. 

'  137.0 

45.8 

33.4 

«.3 

36.1 

26.1 

32.10.78 

1  a.  m.       3  ft.  m. 

'128.1 

32.4 

26.3 

36.6 

28.6 

18.6 

22.7    .82 

Sam.       5  ft.  m. 

'123.3 

41.9 

34.0 

40.2 

32.6 

20.6 

29.3    .70 

6-ft. 

m.       7  a.  m. 

'118.7 

32.6 

27.6 

42.6 

36.9 

21.7 

22.8 

.95  1 

a  b,  Google 


Ihtluenob  of  Inanition  on  Metabolisu. 


U] 

ft) 

(c) 

W 

(.) 

tf) 

to) 

*> 

:^ 

Potod. 

i 

i 

^ 

^1 

1« 

if 
Ik 

1 

i» 

S8.a.ui.CHL> 

IMH. 

Col.. 

SmH 

Onmrnt. 

LUn. 

Lilrt. 

Dm.K-6... 

7  ft.  m.  to   9  ft.  m. 

209,6 

76,9 

36.7 

67.8 

32.4 

34.6 

63.8 

0.64 

9  ft.  m.      llft.m. 

171.7 

48.1 

28.0 

66.1 

32,7 

28.6 

33.7 

.86 

llft.m.        1p.m. 

184.0 

68.8 

31.9 

58.4 

31,6 

29.7 

41.2 

.72 

1p.m.        8  p.m. 

127.7 

35.6 

27.8 

44.8 

36.1 

22.8 

24.8 

.92 

3p.  m.        6p.  m. 

146.6 

61.8 

35.3 

61,1 

34,9 

26.0 

36.2 

.72 

Gp.  m.        7  p.m. 

112.6 

41.4 

36.8 

46,0 

40.0 

22.9 

29.0 

.79 

7  p.  m.       9  p.  m. 

222.9 

61.6 

27.7 

54.4 

24.4 

27.7 

43.1 

.64 

9  p.m.      11p.m. 

160,2   38.4 

25.6 

60.6 

33.6 

25.7 

26.9 

.96 

11  p.  m.        Ih.  m. 

163.4   49.0 

30.0 

48,4 

29.6 

24.7 

34.3 

.72 

lft.m.       3ft.m. 

134.1 

36.1 

26.9 

41.3 

30.8 

21,0 

26.2 

.83 

3  ft.  m.        6  ft.  m. 

136.9 

46.6 

33.2 

42.9 

31.4 

21.9 

31.9 

i.60 

DM.e-7... 

6  ft.  m.        7  ft.  m. 
Total 

163.6 

42.1 

27.6 

46.0 

30.0 

23.4 

29.6 

.79 

1913.6 

686.2 

30.6606.7 

31.7 

308.9 

409.6 

n  7A 

7  ft.  m.  to   9  ft.  m. 

220.7 

"7^2 

33. 6i  67.6 

30.7 

34.4 

51.9:0,66 

9  ft.  m.      11  ft.  m. 

129.9 

32.8 

25.3   46.4 

36.7 

23.6 

23.0,1.03 

11  ft.  m.        1  p.  m. 

236.3 

59.3 

26.2   56,3 

23.6 

28.2 

41.6'   .68 

1p.m.       8p.m. 

113,6 

32.0 

28.2    44,6 

39,3 

22.7 

22.4  1.01 

3p.m.        6p.m. 

168.4 

56.6 

33.0    51.6 

30,7 

26.3 

38.9;  .68 

6p.m.        7  p.m. 

128.5 

38.9   30.3!  42.2;  32.9 

21.5 

27.2    .79 

7  p.  m.       9  p.  m. 

202.4 

66.5 

32-3   66, 3i  27,8 

28.7 

45.8,  .63 

9  p.m.      11p.m. 

112,6 

29.8 

26.6    45.2    40.2 

23.0 

20.9jl.10 

II  p.  m.        la.  m. 

163.9 

36.1 

22.1    42.61  26.0 

21.7 

26.3    .86 

1  ft.  m.       3  a.  m. 

141.2 

43.9 

31.1    38.9   27.6 

19.8 

30. 7i  .66 

3  ft.  m.        6  ft.  m. 

127,7 

39.0 

30.5  41.6'  32.6 

21.1 

27,3,   .77 

86.  N.M.P. 

6  ft.  m.       7  a.  m. 

Total 

Praliminarv: 

162.8 

47.3 

29.0|  47.0,  28.9 

23.9 

33.1    .72 

1906.8 

554.4 

29.1I579.2  ■30.4 

294.9 

388.l!o.76 

1          1 

1 

Dm.  8-9... 

Up.  m.to    1a.m. 

'171.3 

53.0 

30.9    68.3   34.0 

29.7 

37.110. 80 

I  ft.  m.        3  a.  m. 

'166.1 

41.7;  25.3!  60.2    30.4 

26.6 

29.2 

.88 

3  ft.  m.       6  a.  m. 

<I41.9 

33. I<  23.3  47.2,  33.3 

24.0 

23.2 

1.04 

Dee.  0-10.. 

6  ft.  m.        7  a.  m. 
Total,8houn.... 

7  ft.  m.  to  9ft.m. 

'126.9 

47.?:  37.6   61.9 

40.9 

26.4 

33.4 

.79 

'fl05.2 

175.5'  29.o'207.6 

34.3 

105.7 

122.9 

0.86 

217.7 

69.7   32.0 

78.1 

36,9 

?39.8 

~^.S 

0^ 

9  a.  m.      11  a.  m. 

196.6 

55.8.  28.4 

62.4 

31.7 

.31.8 

39.1 

.81 

11  a.  m.        1  p.  m. 

180.2 

67.0  31.6 

70.1 

38.9 

36.7 

39.9 

.90 

1p.m.        3p 

152.8 

147.8   31.3 

55.6 

36.3 

28.2 

33.4 

.85 

3  p.  m.       S  p 

192.6 

62.1   27.1 

56.4 

28.8 

■  28.2 

36.6 

.77 

6p.m.       7p 

m. 

160,0 

49.4   30.0 

67.2 

36.7 

29.1 

34.6 

.84 

7  p.m.       9p 

m 

226.7 

67.1    29.6 

66.4 

28,9 

33.3 

47.0 

.71 

9p.m.      lip 

m 

162.0 

61.1    31.6 

64.7 

33.8 

27.9 

35.8 

.78 

11p.m.        la 

146.7 

139.9,  27.4 

52,0 

36,7 

26.6 

27.9 

.96 

1  ft.  m.        3ft 

157.5 

♦46.2  29.3 

46.9 

29.8 

23.8 

33.3 

.74 

8ft.  m.        6ft 

m 

167.8 

46.0  29.2 

49.9 

31.6 

25.4 

32.2 

.79 

6ft.m.        7ft.m 

169.3 

46.4;  28.6 

49.0 

30.8 

24.0 

31.8 

.79 

TWal 

S108.8 

627.6  29.8 

606.6 

33.0 

354.6 

430.3 

0.81 

Dioiiizeab,  Google 


METABOLiaH   EXPEBIMBNTS   NOS.    79-83,   85,   AND   E 


ia)          ib\        (fl) 

(il» 

l« 

(f. 

<«) 

00 

""ir-^ 

Period. 

H¥ 

^1 

lyi 

jl 

t- 

86. -.".^.—t. 

MQt. 

OaU.      Onm^ 

(TroM*. 

Uten. 

lAttn. 

Dm.  10-11. 

7a.iii.to  gs.m 

231.0  67.3  29.2 

77.0 

33.3 

39.2 

47.1 

0.83 

9  ».  m.      11  a.  m 

200.2   H).8   26.4 

62.2 

31.0 

31.7 

35.6 

.89 

11  ft.  m.        1  p.  m 

207.2  61.9  29.9 

61.8 

29.9 

31.6 

43.3 

.73 

1  p.  m.        3  p.  m 

198.8  61.9  31.1 

61.9 

31.1 

31.6 

43.3 

.73 

3  p.  m.        S  p.  m 

166.6   50.2   30.1 

56.6 

34.0 

28.8 

35.1 

.82 

S  p.  m.        7  p.  m 

104.6   66.0   29.2 

55.7 

28.6 

28.4 

39.8 

.71 

7p.m.        »p.m 

230.9  67,1   29.1 

67.6 

29.2 

34.3 

47.0 

.73 

9p.m.      lip.  m 

184.2    59.3   32.2 

61-6 

33.4 

31.3 

41.6 

.76 

11p.m.        lS.m 

177.6   61.2  28.8 

56.2 

31.7 

28.6 

36.8 

.80 

1  a.  m.       3  ft.  m 

173.1   48.7  28,2 

60.7 

29.3 

26.8 

34.1 

.76 

3ft.m.        6ft.m 

162.8  50.5  31.0 

52,9 

32.6 

26.9 

36.4 

.76 

69.     D.W 

6  ft.  m.        7  ft.  m 

177.9  49.8  28.0 

55.3 

31.1 

28.2 

34.9 

.81 

T 

>tal 

2304.7875.6  29.3!719.3 

31.2 

366.2 

472.9 

0.77 

not. 

PrduniDftry: 

Jftn.9-10.. 

lip.  m.  to    1ft.  m 

'158.1    64.8    34.7 

66.2 

41.9 

33.7 

38.3 

0.88 

1  ft.  m.       3  ft.  m 

■177.0   45.9   25.9 

61.6 

29.1 

26.2 

32.2 

.82 

3  ft.  m.       6  a.  m 

'167.1    45.0   28.6 

55.2 

35.1 

28.1 

31.5 

.89 

JftD.  10-11. 

6a.m.        7ft.m 
Tot«l,8hovi».... 
7  ft.  m.  to   9ft.m 

'151.4   50.9   33.6 

62.6 

34.8 

26.8 

35.6 

.75 

'643.6196.6  30.6 

225.6 

36.1 

114.8 

137.6lo.84 

231.2    62.4   27.0 

76,1 

32.5 

38.2 

43.710.88 

9  a.m.      11  a.  m 

110.1   37.4  34.0 

57.3 

62.0 

29.2 

26.2ll.ll 

11  a.  m.        1  p.  m 

139.2   46.8  33.6 

63.3 

38.3 

27.1 

32.8 

.83 

1p.m.       8p.  m 

266.0    67.1    26.2 

65.6 

25.6 

33.4 

47.0 

.71 

3  p.  m.        G  p.  m 

108.6  40.0  36.8 

64.4 

60.1 

27.7 

28.0 

.90 

5p.m.        7p.m 

241.6    68.4    28.3 

63.6 

26.3 

32.3 

47.0 

.68 

7p.  n».       9p.  m 

182.2    56.3    30.9 

69.4 

38.1 

36.3 

39.4 

.90 

9p.m.      11  p.  m 

236.9   79.6   33.6 

74.6 

31.6 

38.0 

55.6 

.68 

11p.m.        lft.m 

162.2   38.9   26.6 

60.3 

33.0 

26.6 

27.2 

.94 

1a.m.        3ft.  m 

154.0    46.0    20.9 

48.2 

31.3 

24.6 

32.2 

.76 

3  a.m.        5  ft.  m 

175.1    47.7   27.2 

56.7 

32.4 

28,9 

83.4 

.87 

Jtui.  11-12. 

6a.m.        7ft.  m 

Totft! 

7a.  m.to   Oft.  m 

163.0  64.9   33.7 

64.0 

33.1 

27.5 

38.4 

.72 

2150.1646.4  30.0 

722.4 

33.6 

367.8 

461.8 

0.81 

246.1    67.2   27.4'  66,7 

26.8 

33.4 

47.1 

0.71 

9a 

m.      11  a.  m 

119.1    44.4  37.3   54.5 

46.7 

27.7 

31.1 

.80 

lift 

m.        1  p.  m 

166.2   62.6  31.6  68.6 

35.3 

29. S 

36.8 

.81 

Ip 

m.       3  p.  m 

264.4   74.7   28.2   66.0 

25.0 

33.6 

62.3 

.64 

3p 

m.        6  p.  m 

111.3   49.7   44,6   50.8 

46.7 

25.9 

34.8 

.74 

6p 

m.        7  p.  m 

254.7    74.6    29.3!  ^-^ 

26.3 

34.1 

62.2 

.65 

7p 

m.        9p.  m 

200.4   65.7   32.8  75.1 

37.6 

38.2 

46.0 

.83 

9p 

m.      11  p.  m 

234.5   76.1    32.6   67.7 

28.9 

34.5 

63.3 

.65 

"P 

m.        1  a.  ro 

191.3    40.4    21.1    63.0 

27.7 

27.0 

28.2 

.96 

1ft 

m.        3  ft. m 

133.6   49.8   37.3   49.6 

37.1 

25.2 

34.9 

.72 

3  ft.  m.         S  ft.  m 

168.2   48.2   28.7   60.3 

29.9 

25.6 

33.7 

.76 

6ft.  m.        7  ft.  m 

166.6  37.9   22.9   47.4 

28.7 

24.2 

26.5 

.91 

T 

tftl 

2264.3681.3   30.27fUi  fi 

31.3 

360.2 

478.9 

0.76 

dbjGoogle 
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Nitrogen  Metabolism  Experiments. 

Second  onlj  in  importaoce  to  the  etnAy  of  ttie  effect  of  inaniticHi  on  metap 
bolism  is  the  stad;  of  the  recovery  of  material  lost  during  fasting.  In  the 
original  plan  under  vhich  the  fasting  experiments  were  projected  a,  stady  of 
the  recovery  after  fasting  was  contemplated.  It  was  eo<Hi  seen  that  such 
experiments  were  impracticable  because  as  a  role,  the  sobjecta  were  unable 
to  consume  large  amounts  of  food  on  the  day  immediately  following  a  fast. 
It  became  necessary  to  modify  materially  the  original  plan  and  continne  the 
food  experimeote  in  the  reepiratiiHi  chamber  for  only  a  few  days  and  with  a 
email  ration  (hardly  more  ^tan  maintenance).  Kone  of  the  food  experiments 
reported  above  were  therefore  of  more  than  3  days*  duration.  But  although  it 
was  impoBsible  to  continne  the  experiments  in  the  respiration  calorimeter  and 
thus  obtain  the  complete  balance  of  income  and  outgo,  the  plan  was  adopted 
of  weighing  and  sampling  all  the  food  of  the  sabject  and  noting  the  amonnte 
of  nitrogen,  phosphorus,  and  sulphur  in  the  food,  feces,  and  urine  of  each  day. 
This  was  done  in  the  hope  of  obtaining  much  new  information  on  Uie  recoup- 
m^it  after  prolonged  inanition,  since  the  recorded  observations  on  the  eftect  on 
metabolism  of  the  ingestion  of  food  after  a  period  of  inanition  are  extremely 
few. 

Arrangements  were  made  therefore  to  weigh  and  analyse  all  the  food  eaten 
by  the  subject  S.  A.  B.  from  March  14,  the  first  day  after  metaboliran  experi* 
ment  No.  76,  until  the  beginning  of  metabolism  experiment  No.  77  and  from 
the  first  day  after  experiment  No.  77,  L  e.,  April  IS,  until  April  S6,  when  he 
left  Middletown,  and  hence  was  beyond  our  control 

During  these  periods  all  the  food  and  the  urine  and  feces  were  sampled  and 
analyzed.  The  date  thus  obtained  constitnte  a  study  of  the  complete  intake 
and  outpnt  of  nitrogenous  material  for  a  period  of  63  days,  i.  e.,  from  the 
first  day  of  fasting  experiment  No.  76  until  April  26.  The  intake  and  outpnt 
of  phosphorus  were  likewise  studied  and  hence  the  gains  or  losses  of  thia 
element  can  be  determined.  In  a  measure  the  same  is  true  of  the  sulphur 
balance.  Furthermore,  since  the  heat  of  combustion  of  the  food  eaten  was 
determined  each  day,  much  valuable  information  n^aiding  the  energy  con- 
sumption was  secured. 

Diet. — With  the  exception  of  experiment  No.  77,  each  fast  made  by  the 
subject  S.  A.  B.  was  followed  by  an  experiment  in  the  respiration  chamber 
in  which  food  was  given  (experimente  Nos.  72,  74,  and  76).  The  change 
from  fasting  to  food  metabolism,  therefore,  was  studied  while  the  subject  was 
in  the  chamber.  Usually  the  quantities  of  food  that  the  subject  wished  to  take 
on  the  first  day  after  the  fasting  period  were  small,  barely  more  than  enough 
for  maintenance. 
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At  the  conclosion  of  tiie  food  experimeiit  inside  the  chamber,  which 
nsaally  lasted  3  days,  the  subject  came  out  of  the  respiration  apparatus,  and 
resumed  his  customary  dietetic  habits.  After  metaboUran  experiment  No.  76, 
the  subject  began  the  experiment  outside  the  chamber,  the  results  of  which  are 
here  recorded  under  the  convenient  heading  of  Nitrogen  Metabolism  Experi- 
ment No.  1.  The  second  nitrogen  metabolism  experiment  immediately  followed 
metabolism  experiment  No.  77. 

The  peculiar  dietetic  habits  of  the  subject  of  these  experiments  resulted 
in  his  selecting  a  very  extended  list  of  food  materials.  He  was  left  perfectly 
free  to  choose  vhaterer  he  wished  both  as  to  kinds  and  amounts  of  food. 
In  general,  meat  was  partaken  of  Tery  sparingly.  Milk,  fruit,  cereals,  and 
eggs,  together  with  peanut  butter,  were  the  chief  articles  of  diet 

The  wide  variety  of  food  selected  may  be  seen  from  table  176,  which  gives 
the  peic^tage  composition  and  the  different  kinds  of  food  used  in  both  nitrogen 
metabolism  experiments.  The  values  here  recorded  are  nsed  in  subsequent 
computations  to  test  the  accuracy  of  the  method  of  sampling  the  food  employed 
in  these  experiments. 

The  percentage  composition  of  the  foods  given  in  this  table  is  taken  for  the 
most  part  from  the  compilation  of  analyses  of  American  food  materials 
published  by  Atwater  and  Bryant."  In  many  instances  the  analyses  taken  from 
the  bulletin  referred  to,  were  revised  by  averaging  with  new  unpublished  data. 

Bakpurs  aso  Aralthib. 

It  was  impracticable  to  sample  and  analyze  each  kind  of  food  consumed 
each  day.  'The  following  plan  was  therefore  adopted :  The  amount  of  each 
kind  of  food  eaten  in  a  given  84  hours  was  determined,  and  a  tenth  of  each  kind 
of  food  was  placed  in  a  dish.  These  different  samples  formed,  then,  a  com- 
posite representing  one-tenth  of  all  the  food  eaten  and  including  each  kind  of 
food.  This  composite  sample  was  dried  in  the  water  oven,  then  weighed, 
mixed  and  ground  preparatory  to  its  analysis.  Determinations  were  made 
on  the  sample  for  each  day,  of  nitrogen,  phosphorus,  sulphur,  and  the  heat 
of  combustion. 

Calculated  amounts  of  protein  and  energy  of  food.— The  method  of  sampling 
and  analysis  outlined  above  is  open  to  the  objection  that  one  or  more  articles 
of  so  varied  a  diet  might  be  overlooked  in  preparing  the  daily  composite 
samples.  As  a  partial  check  on  the  accuracy  of  this  method  of  sampling,  the 
amounts  of  protein  and  energy  in  the  food  consumed  per  day  have  been 
computed  from  the  weights  of  the  different  foods  eaten  and  the  percentage 
composition  given  in  table  175.  This  teble  is  furthermore  of  interest  in 
showing  the  kinds  and  amounts  of  food  eaten  each  day. 

"U.  a.  DepL  AST.,  Office  ot  Bxpt.  Sta.  Bnl.  28  (1898). 
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Kind  of  food. 


BralttMk. 

ChlcksD,  unoad* 

Hud,  pr«M«d  and  dafll«d 

Lainb  obopt' 

Salmon,  cuined 

Bggi,  boiled 

Butter , 

CblBM,  ereem 

liili.. '.'.'.. '.'....','.'.'.'.'.'.'.'.'/.'.'.'.'.'.'.'.'.. 

0»te,  rolled  * 

Wheat  breakfait  tood< 

Wheat  breakfait  food,  rolled  • 

Wheat  breaktaat  food,  ihreddedV.. 
Breakfatt  food,  orliped  and  naltad*., 

Bread,  white 

Broad,  whole  wheat 

Cracker*,  aoda. 

Cake,  raiilii  • 

Bean*,  baked,  caniiad 

Carrot* 

Celerj 

Lettnee 

Onion* 

Peaa,  osnDcd 

Tomatoe* 

OUTei 

Applaa. 


Lemoni 

Date*,  dried 

FIf*,  dried.... 

Pransa,  dried 

Pmnei.  dried,  loaked  in  water*. 

RalalDi 

Balalp*,  (oaked  Id  water*. 

Almond! 

Coooannt 

Cocoanot  milk 

Peannt  batter 

Walnnta,  Engliah  

Sugar 

Milk  efaoMlato '■<'.......'.'.'..'.... 

Holaatea  oandj* 

Coeoa  (bererage)'. 

OllTeoll 


M.5 
78.8 
75.4 
78.1 

hk'.i 

4V.? 
Tl.l 
H.I 
IV.  C 


II, ft 
10.8 

as.o 


OS.  5 
8».S 
17.8 
S7.» 


a.ns 

4.818 
4.070 
a. 881 
l.S4> 
I.HS 
7.  SIS 
8.850 
9.088 
.781 
4.418 
4.1S1 
8.S85 
4.096 
S.BSa 
9.S86 
S.7I4 
4.466 
4.007 


.457 
.694 
8.6M 
8.9t» 
8.041 
9.170 
8.18S 
1.890 
7.010 
O.IBO 
.868 
S.OSO 
7.785 
7.608 

s.seo 

8.907 
S.B16 
a.B78 
.310 
S.800 


■  n.  8.  Dept.  A<r.,  O.  E.  8.,  Bal.  28,  ex- 
cept M  nolrd. 

■Compoeltlon  aaiamed  from  Dnpobllohed 
data. 

*  Protein  and  energj  determined.  U.  S. 
Dept  Atr.,  O.  B.  8..  Bui.  162. 

•Conn.  (Btorre)  Hcport.  1904. 


CompoaltloD  aaaumed  Bi 


fmlt  cake. 

I  tloo  calculated  from  U.  B.  Dept. 
".,  BdI.  ISO.  bj  meani  of  known 
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NITBOGBN  MBTABOLlflM  KXPBRIMKNT  No.  1.                                           | 

DMA 

KiDdrflood. 

i& 

PioMiii. 

,». 

Oramt. 

101.6 
38.1 
16.6 

235.9 
1057.0 

118.8 
60.9 

264.4 
76.3 

612.1 

303.4 

145.7 
96.7 
96.4 
56.6 
35.2 
6.2 

199.2 

14.22 

3:09 
6,90 

34.88 

12.95 
6.40 

26.65 
1.20 
1.84 
3.93 
1.17 
2.01 
4.10 
1.30 

10.31 

2:19 

Cataritt. 
198 
302 
60 
478 
794 
473 
201 
723 

276 
303 
76 
336 
307 
177 
236 
26 
62 

Cnuun' 

R^ 

Total  tor  day 

3626.6 

131 ,62 

5064 

79.4 
39.9 
102.5 
368.8 
1186.4 
96.1 
222.9 
190,7 
76.7 
352.8 
436.8 
624.9 
109.5 
181.1 
65.1 
61.7 

11.75 

.40 

19.17 

9.23 

10;  37 
20.61 
18.50 
1.21 
1.06 
6.67 
5.00 
2.30 
3,80 
1.27 
18,08 

147 
316 
874 
748 
891 
379 
743 
621 
40 
168 
437 
327 
384 
551 
173 
413 

^5er"  '.■. .■■.:: 

Raisiiu 

Total  forday 

4182.3 

167.47 

6612 

Eggs,  boiled  and  aerambled . . 

71.1 
27.6 
84.1 
1637.0 
375.1 
373.8 
177.7 
636.9 
71.9 
96.4 

9.96 
,28 
2.10 
35.61 
34,61 
1.12 
2.31 
5,09 
3,09 
27.96 

138 
218 
171 
1156 
1082 
179 
179 
334 
231 
638 

Milk    , 

Bread  white 

Omnr— 

S!f^:::::::::;::::::::: 

3460.6 

122.02 

4325 
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tit  freah  /ood— ConUnned. 

NITROOBN  MBTAB0U3M  BXPBBIHBNT  Ko.  1  iXVinfd).                               | 

Date. 

Kind  of  food. 

PtoMfa- 

En^. 

ItOi. 

38.8 
46.3 
74S.5 
178.0 
111.3 
301.8 
189.9 
310.6 
177.1 
220.5 
106.7 
27.0 

s'ee 

24.70 
16.38 
10.80 
.91 
2.47 
2.48 
7.62 
3.31 
.86 
7.91 

307 
169 
663 
614 
304 
144 
190 
163 
670 
478 
173 
181 

n.n.™ 

S!^;:;:--:::-:::::::.: 

Prunes,  soaked  in  wftter 

lUisins,  aoaked  in  water 

Total  tor  day 

2538.0 

97.88 

3914 

84.3 
11.0 
36.3 
359.3 
1693.7 
63.9 
316.1 
241.6 
440.1 
343.6 
246.0 
86.0 
94.3 
208.8 
17.8 
88.4 
22.4 

12.48 
.11 
6.60 
8.99 

52.60 
6.97 

30.66 
.72 
6.72 
2.74 
6,16 
3.70 

alia 

3.74 
26.90 
3,72 

166 
87 
131 
720 
1197 
266 
864 
116 
441 
179 
863 
277 

463 
126 
691 
168 

Bmkt., .::::::.'.. '...:..... 

Prunea,  wak«d  in  water 

Total  tor  day 

4261.4 

172.94 

6631 

E^,  boiled  and  acmnbled . . 

121.3 
20.7 
46.6 
279.6 
1338.0 
70.5 
106.9 
48.2 
34.4 
354.5 
308.8 
310.2 
141.2 
52.8 
62.8 

16.98 
.21 
8.70 
6.99 

44.16 
7.68 

10.37 
4.72 
.65 
1.06 
4.01 
2.48 
2.97 
1.21 
.21 

236 
164 
170 
667 
1005 
281 
292 
216 
18 
169 
310 
163 
495 
166 
169 

3286.4 

112.30 

4421 
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Taw*  176.— Cafciihrtwl  fntetn  <md  mern  *»  freah  /ood-Continoftd. 

HITBOaBN  MBTABOUaH  BXPUUKBHT  No.  1 

Cont'd). 

Data. 

Kind  of  food. 

A 

ft) 
ProtMn. 

1M5. 

Ciwu. 
90.6 
23.6 
74.6 
310.0 
1361.1 
82. e 
148.7 
44.1 
449.7 
148.1 
123.3 
140.0 
72.9 
M.O 
M.l 
62.2 

12.68 
.24 

13.96 
7.76 

44.92 
9.00 

14.42 
2.60 
6.86 
1.18 
2.69 
6.02 
1.68 

13.44 

.22 

8.67 

Calerim. 
178 
226 
272 
628 
1022 
320 
407 
177 
552 
78 
432 
451 
229 
448 
180 
392 

Figs      

ToUdforday 

3241.5 

146.22 

5999 

Eggi,  boiled  and  Bcrambted. . 

60.3 
37.5 
1240.7 
316.3 
64.6 
310.2 
4S.8 
330.4 
457.4 
642.6 
134.3 
65.8 
67.7 

9.70 

.38 

40.94 

30.60 

3.81 

21.40 

.73 

.99 

6.94 

5.14 

6.77 

1.61 

16.91 

136 
307 
932 
865 
268 
435 
24 
157 
459 
337 
432 
207 
386 

Beans,  baked,  cumed 

f^'^e^     , , 

R&:::::::::::::::::::' 

Total  for  day 

3772.6 

143.91 

4034 

Eggs,  boiled  and  scrambled. . 

102.8 
86.6 
324.6 
731.7 
70.2 
337.3 
18.3 
11.2 
361.6 
283.1 
506.1 
303.6 
198.1 
110.2 
46.3 
43.2 

14.39 
.87 
8.11 
24.14 
11.30 
32.72 
1.79 
.18 
13.02 
.86 
6.58 
2.43 
4.16 
4.74 
1.04 
7.17 

200 
686 
650 
640 
310 
022 
82 
6 
230 
136 
607 
159 
605 
355 
142 
324 

Creun.    . 

OnioM 

n»n«. 

Fun 

3533.7 

133.49 

6962 
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TAAJt  176.— ^ofculoted  protein  and  energy  in  treeX  /(K>d— Continued. 


NITROQBN  UBTABOLIBH  BXFIRIHBNT  Ho.  1  (Oont'd).                                  1 

DaU. 

KiDdotfaod. 

ih. 

PtoMn. 

■ 

int. 

Hun,  pressed  And  devOed    . . 

Ormu. 
64,4 
60.0 
206.9 
484.3 
82.6 
177.8 
282.9 
670.9 
323.5 
114. B 
334.3 
91.7 
30.3 

Onmt. 
12.24 
.60 
6.16 
16.98 
0.00 
17.26 
.86 
7.42 
2.50 
2.40 
7.02 
2.11 
e.36 

CatoriM. 
278 
475 
418 
364 
329 
486 
135 
673 
170 
410 
1017 
288 
212 

^%^k: 

R.i.m. 

2823.1 

88.97 

5155 

153.6 
56.7 
205.7 
1263.3 
71.2 
197.4 
45.6 
166.5 
433.0 
168.9 
31.5 
72.0 
37.9 

36.10 

.57 

6.14 

41.09 

7.76 

19.16 

.73 

2.16 

3.46 

3.34 

1.35 

1.66 

.91 

503 
440 
417 
948 
282 
540 
24 
167 
227 
657 

lot 

226 

109 

WlicAt  rolled,  raw 

DAtejr: :::::: :::' :':: " 

R^::::;::::::::::;;::: 

2893.3 

124.02 

4649 

Eggs,  boiled  and  scrambled . . 

119.4 
61.5 
48.8 
248.0 
1126.2 
48.3 
174.1 
88.4 
343.8 
402.5 
340.0 
119.4 
210.2 
63.6 
58.5 
51.7 
102.8 

16.72 

.62 

9.13 

8.20 

37.14 
5.20 

16.89 
.80 
1.03 
6,23 
2.72 
2.61 
9.04 
1.23 
6.44 
8.68 
.41 

232 
408 
179 
503 
846 
192 
476 
22 
164 
404 
178 
419 
677 
168 
466 
388 
329 

M.1V 

DSeT^::::     ;■; 

a^::::::;:::::::  ";■■ 

3586.0 

129,85 

0041 
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tN  freih  food—CaaUawa. 

MITBOOBN  HBTABOUSK  BXPBBIMBNl'  No.  1  (OoatM).                                  | 

Date. 

Kind  o(  food. 

OfSS. 

Piotaio. 

Enoflr. 

A^.26 

n.lmnn 

Onmu. 

272.1 
24.7 

234.1 

1068.0 

60.2 

120.5 
39.5 
69.4 

204.0 

100.8 

229.0 
36.7 

118.8 
73.9 
06.6 
74.4 
02.6 
14.7 
16.0 

Oram*. 
60.32 
.26 
6.86 
34.92 
5.47 
12.27 
.43 
.95 
7.34 
.91 
2.98 
.36 
2.49 
3.18 
1.51 
4.24 
.25 
4.31 

648 
106 
475 
796 
200 
340 
19 
31 
133 
26 
230 
16 
417 
238 
206 
460 
22 
08 
140 

rw.r.^ 

Br«»d,  whtde  wheat 

OnioM 

FiM 

Olive  oU 

2869.0 

147.03 

4696 

36.4 
40.0 
108.9 
88.8 
61.6 
140.4 
1117.0 
409.1 
81.0 
126.8 
421.1 
763.0 
48.4 
30,0 
44.0 
47.0 
46.2 
12.0 

8.32 
10.11 
16.25 
.00 
n.52 
3.66 
36.86 
39.68 
.97 
1.13 
6.47 
8.03 
2.08 
7.60 
12.89 
6.17 
7.07 
1.65 

116 
ISO 
212 
703 
225 
297 
840 
1119 
17 
31 
422 
396 
166 
262 
294 
366 
347 
78 

Mar.  28 

Lambobopa 

Millr 

P.<u..n. 

ChocoUte,  nuik 

Total  for  da; 

3628.3 

176.82 

6000 

160.6 
41.4 
1447.7 
219.6 
189.2 
226.9 
188.0 
39.3 

22.47 
.41 

47. n 

21.31 

e.si 

2,B4 
1.60 
.83 

312 
328 
1087 
000 
120 
227 

Butter 

Uillr 

Pniaea 

Ruirin. 

298,9  1          6.28 

207 

abjGoogle 
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TASia  nt.—CaJeulatea  protein  and  energy 

In  treih  tooa~Coat]nu9A. 

NITBOQBN  MBTABOLIBM  BXPBRIMBNT  No.  1  (Cont'd). 

DM*. 

Kind  of  food. 

fe 

PnUin. 

MaTa 

Eggs,  boiled  aad  ■cnmbled. . 

126.1 
34.8 
83,0 
839.9 
128.4 
35.4 
H.3 
48.4 
96.7 
211 .8 
264.1 
21.8 
179.2 
120.2 
£3.1 
53.7 
45.2 
42.3 
12.8 

Oram. 

17.06 
.36 
2.08 
27.62 
12.45 
.30 
.65 
.79 
.87 
.64 
3.43 
.22 
1.43 
2,52 
1.22 
11,28 
4.97 
7.02 

(Merit. 
24 

35 

I 

1 

2- 

10 

26 

9 

42 

36' 

11' 

Total  for  day 

2449.2 

96.68 

306 

Butter 

45.1 
176.9 
506.8 
37.3 
139.6 
392,6 
98.4 
97.4 
139.3 
232.0 
180.4 
21.5 
129.1 
78,6 
87.0 
46.3 

.45 
4.40 
16.72 
4.07 
13.64 
27.08 
1.18 
1.56 
1.26 

.70 
2.36 

.22 
1.03 
1.65 
2.00 

.19 

36 

MOk      

3» 

14' 

Beana,  baked,  cumed 

55< 

2 

3 

11< 

I' 

a 

2T 

14 

Total  for  day 

2407.1 

78.39 

334 

260,3 
36.6 
191,8 
1456.2 
26.4 
42.2 
144.6 
179.8 
213,6 
103,9 
117.2 
64.8 

64.67 
.37 
4.80 
48.06 
8.75 
4.60 
14.02 
1.62 
.64 
2.52 
.94 
1.15 

2» 

38 

Wheat  breakfast  food,  row  . . 

11 
16 

39 

B^!^ :     :::: 

19 

Dates 

19 

loiizeabjGoOgle 
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Tabu  ITS.— Calculated  protein  ami  energy  In  ire»\  food — Continued. 


MITROQBH  MBTABOUflM  BXPBRIIIBMT  So.  1  (Cont'd).                                  [ 

Date. 

Kiikdottaod. 

(6) 

Apri 

Salmon,  canned 

Ekb.  boiled  and  scrambled. . 

°Tf.o 

88.6 
66.2 
65.2 
168.4 
1610.7 
21X.7 
209.7 
133.3 
147.5 
293.2 
148.8 
23.6 

Ormnt. 

13.30 
12.40 
.65 
10.32 
4.21 
63.15 
20.54 
7.66 
1.20 
1.92 
2.35 
3.12 
6.89 

CoIoriM. 
145 
172 
516 
201 
342 
1210 
579 
133 
33 
148 
154 
463 
157 

Totolfotday 

3216.8 

137.60 

4243 

166.9 
33.6 
152.6 
1259.1 
i4S.4 
108.8 
142.6 
81.3 
222.8 
365.8 
209.1 
259.7 
63.5 
39.3 
40.0 

39.22 
.34 
3.82 

41.55 
6.28 

10.65 
1.71 
1.30 
2.01 
1.07 
2.72 
2.08 
1,33 
1.69 
.94 

646 

266 
309 
946 
193 
297 
30 
43 
66 
169 
210 
136 
223 
137 
128 

Wheat,  rolled,  nw       ... 

Apples      

n!Ki;: 

Total  for  day 

3184.2 

115.61 

3676 

Ekkb  boiled 

82.3 
29.6 
66.6 
321.9 
861.0 

68.2 
104.5 
231.2 
375.9 
260.1 
18.8 
56.4 

11.62 
.30 
12.46 
8.05 
28.42 

6.17 
10.14 

.69 
4.89 
2.08 

.43 
9.36 

160 
234 
243 
753 
646 

234 

286 
110 
377 
136 
59 
423 

b»„!t...;;::::::::::: 

Wheat  breakfast  food. 

Apples 

r3:::::::::::::::::::' 

Total  tor  day 

2466.6 

94.50 

3661 

Dioiiizeab,  Google 
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Tabix  176. — Calculated  protein  and  energy  In  1re»\  looA — ConUnusd. 


SITBOQBN  MBTABOLIBM  BXFBBIMBMT  No.  I  (Cont'd).                                   ] 

Data. 

Kind  Of  food. 

s&. 

FioUln. 

Bnenr. 

UOB. 

Eggs                     

Oram*. 
136.3 

30.3 
296.5 
868.4 

34.6 
108.1 
219.7 
203.8 
198.0 

71.0 

46.4 

OroiM. 

19.08 
.30 
7.41 

28.66 
3.76 

10. « 
1.98 
0.61 
2.67 
1.63 

13-60 

OotorlM. 
265 
240 
601 
663 
137 
276 
64 
97 
199 
223 
310 

Tot^torday 

2213.0 

90.09 

3066 

165.8 

36.1 
337.8 
859.8 

36.2 
106.8 

76.9 
132.3 
380.8 
357.8 

76.3 
320.8 

41.2 

38.96 

.36 

8.44 

28.38 

3.95 

10.36 

1.21 

1.19 

.78 

4.66 

1.60 

13.79 

.95 

642 
278 
686 
646 
144 
292 
40 
33 
124 
360 
268 
1033 
129 

Milk 

Total  for  day 

2806.6 

114.61 

4673 

36,5 
227.7 
1395.5 

50.0 
106.7 
365.3 
116.7 
ISO.l 
167.3 

14.1 
146.6 

65.3 

49.7 

.37 
6.60 
46.06 

6.26 
10.36 
24.62 

1.39 
.46 

2.04 
.14 

1.17 
11.61 

6.47 

289 
462 
1048 

237 
292 
408 
24 
71 
168 
6 
77 
388 
387 

Wheat  breakfast  food, 

Bread  white 

Beans,  baked,  canned 

a  b,  Google 


NiTBOOBN  Metabolism  Ezpebiuents. 


in  treth  pwtf— Continued. 

NITBOOBN  HBTABOLtaif  SZPBKIHBMT  No.  1  (Ooot'd).                                   | 

DM*. 

KlndaffooO. 

PlOtBlIl. 

BiH>ig7. 

Egp,  boiled  and  KrambUd. . 

Onm*. 
100.9 
37.0 
30.fi 
783.4 
M.7 

gi.g 

225.6 
129.0 
76.9 
128.2 

eramt. 

14.13 
.37 
6.78 

25.85 
6.28 
8.91 

16.67 
1.03 
3.31 
2.96 

OatortM. 
196 
293 
113 
6Sd 
177 
251 
310 
68 
248 
402 

Cbeeae 

Bnad,  whole  whe&t 

Beam,  baked,  oaimed 

rT*^ :': 

aSii;::::::::::::::::::;: 

Total  for  day 

1668.5 

84.18 

2663 

NITBOOBN  HBTABOLIBM  BXPBBIHBMT  No.  t.                                            | 

int. 

Milk 

666.9 
166.6 
124.9 
168.4 
433.8 

21.97 
15.33 
1.12 
1.68 
3.47 

600 
481 
31 
72 
227 

Bread 

Lemons 

Omnp. 

Total  tor  day 

1549.6 

43.47 

1311 

123.7 
26.7 
47.7 
60.5 
761.0 
269.4 
83. 6 
46.3 
262.2 
79.9 
206.6 
330.8 

29.07 
3.95 
.48 
9.44 
25,  n 
24.78 

i.oe 

,74 
2.36 
1.04 
2.07 
2.66 

404 
49 
378 
184 
672 
777 
10 
24 
66 
80 
04 
173 

Milk 

OnioM 

Total  for  day 

2293.2 

102.75 

2810 

164.9 
20.3 
21.6 
131.3 
931.0 
27.8 
146.6 
139.6 
178.fi 
136.0 
17.8 
160.4 
81.7 
236.6 
24.3 
45.8 

35.95 

3.00 

.22 

3.28 

30.72 
3.95 

13.49 
6.02 
1.61 
1.77 
.18 
J. 28 
1.72 
3.66 
.66 

13.42 

303 
38 
171 
266 
609 
117 
423 
89 
44 
136 
8 
84 
286 
613 
76 
306 

Bitter       .'".■ 

dSST;;:::;;:::::::::::; 

Prunes,  soaked  in  water 

Total  for  day 

2464.1 

119.72 

3649 

<  CompMiaon  awumed  ai  a 


,o=b,  Google 
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Tabi»  m.— Calculated  protein  and  «i«r«( 

tn  freth  /«><(— Contlnnod. 

NITBOQBN  MBTABOLISH  BXPBBIKHNT  Mo.  S  (ContM).                                   | 

Date. 

Kind  of  food. 

of  food. 

(B) 
Protein. 

M 

UM. 

114.7 
26.3 
1481.1 
260.7 
61.8 
179.3 
166.1 
142.1 
307.0 
114.9 

26.00 

.26 

4S.88 

23.98 

.68 

6.46 

1.40 

.43 

3.99 

.92 

356 
273 
208 
1112 
752 

13 
114 

38 

68 
308 

60 

p^ ::":::::::: 

TotiJforday 

2975.0 

149.46 

3302 

177.1 
114.4 
146.4 

64.2 
1322.5 
206.1 

81.0 
136.0 

39.9 
332.9 
160.4 

41.62 
16.93 

3.66 
10.14 
43.64 
19.99 
.89 

1.22 
.44 

1.00 

1.28 

678 
212 
297 
108 
993 
563 
16 
33 
123 
168 
84 

Apr.  17 

EggB  raw 

^^\ "::"'.'.:'.::.'.:'.' 

Total  for  day 

2769.9 

140.81 

3266 

Eggs,  boiled  and  scrambled. . 

139.4 
186.0 
1667.3 
281.5 
396.4 
128.4 
166.3 
313.2 
170.0 
U9.4 
79.2 
61.4 
56.7 

19.62 
4.66 
64.69 
26.90 
27.36 
1.64 
1.50 
4.07 
1.36 
2.61 
23.21 
6.76 
9.41 

271 
377 
1245 
812 
655 
27 
41 
314 
89 
419 
530 
479 
426 

Milk 

Beans,  baked,  canned 

Total  for  day 

3766.2 

1S2.46 

5684 

192.2 
176.0 
1142.9 
26,4 
118.2 
129.7 
176.4 
139.9 
267.0 

46.17 
4.38 

37.72 
2.77 

10.87 
1.60 
1.41 
2.94 
4.01 

628 
355 
868 
101 
341 
130 
92 
490 
679 

Prunes,  aoaked  in  water 

dbjGoogle 


KiisooBN  Metabolism  Exfeeiuehts.  387 

Table  11i.-~<JaJculatea  protein  and  energy  In  freih  ^ood— Continued. 


NITHOGBN  MBTABOUSM  KXPBHIMBNT  Mo.  !  {Cont'd).                                   | 

D«to. 

KlDdof  food. 

Woight 

of  fOD<L 

(b) 
Protein. 

Bnerg,. 

n». 

Millr 

0raMf. 
1313.1 
197.1 
388.6 
31.5 
18.9 
243.0 
193.8 
190.8 
93.1 
61.3 

*«"33 
18.13 
26.81 
.36 
.23 
2.19 
2.62 
1.53 
1.96 
17.96 

569 
544 
6 
4 
60 
194 
100 
326 
410 

TUon. 

Cdwy 

Dst^:::::;::;:::::::::: 

2731.2 

116.01 

3199 

les.i 

147.9 
69.3 
1291.3 
178.5 
48.0 
61.9 
148.4 
279.7 
134.3 
210.6 

39.60 

20.71 

12.96 

42.61 

IS.  42 

.53 

.83 

1.34 

.84 

1.76 

1.68 

549 
288 
253 
970 
616 
10 
27 
37 
133 
136 
110 

Cdery 

AppteB 

Total  for  day 

2728.0 

139,17 

3027 

234.9 
31.6 
184.6 
nil. 3 
35.3 
120.6 
51.1 
64.1 
370.1 
252.6 
129.8 
163.1 
43.1 

51.21 
.32 
4.62 
36.67 
3.85 
11.10 
.66 
1.03 
1.11 
3.28 
1.04 
3.22 
.99 

650 
260 
374 
835 
141 
348 
10 
34 
176 
253 
68 
537 
136 

Millr 

Celery 

DSe?r.:::::::::;;::;:::: 

Total  for  day 

2782.2 

119.00 

3720 

95.0 
22.3 
198.4 
1208.3 
193.2 
78.1 
156.0 
165.2 
372.4 
46.0 
46.3 

27.17 
.22 
4.90 
39.87 
17,77 
.84 
1.40 
2.02 
2.98 
.97 
1.04 

268 
177 
402 
907 
567 
16 
38 
166 
195 
161 
142 

foeiun 

Cekay 

2567.2 

99.24 

3008 

Dioiiizeab,  Google 


iKfLlTENCB  OF  ISAHTnOS  OS   MXTABOUSM. 
TiMJM  176. — Cgfculated  proMn  <witf  wiwgy  «»  freih  food— Oontlaaea. 


NIIBOQBN  HBTABOLiaM  BXP8BI11BMT  So.  t  (Cont-dl.                                   | 

D«t«. 

Kind  of  food. 

5fe. 

Prat«l]i. 

A;r23 

OfWM. 

182.4 
23.8 
181.2 
1186. 0 
60,7 
118.8 
211.3 
272.6 
168.8 
89.6 
49.9 
SO. 4 
61.6 

42.86 
.24 
4.63 

39.14 
6.63 

10.93 
1.90 
3.64 
1.36 
1.88 
.76 
8.84 

10.23 

Oclorlot. 
596 
188 
367 
891 
202 
343 

52 
273 

88 
314 
108 
627 
462 

Milk 

DatoT^;:::::::;::::::;::: 

Total  for  day 

2677.1 

131.72 

4511 

168.0 

78.7 

38.2 

1375.6 

161.0 
61.2 

289.8 
46.6 

188.6 

298.0 

36.62 
11.66 

7.14 

45.39 

13.89 

.66 

2.61 
.61 

2.46 

2.38 

400 
146 
139 
1033 
436 
10 
71 
144 
189 
156 

cfi^.:::::::::::::::: 

Milk 

Total  (or  day 

2685.6 

123.20 

2724 

I^mh  Khnp. 

101.7 
186.1 
1497.4 
43.6 
167.6 
119.7 
324.2 
200.6 
232.9 
106.3 

22.07 
4.66 

49.41 
4.31 

14. SO 
1.44 
2.92 
2.61 
1.86 
2.23 

414 

an 

1126 
166 
466 
26 
80 
201 
122 
373 

Wheat  b^^aat  f^ 

Bread 

d2^::::::::::::::::::: 

2969.9 

106.00 

3338 

*  CompoBltloD  aMDined  to  be  tl>«  same  as  for  raw. 

Determinations  of  nitrogen,  phosphorus,  stUpkur,  and  heat  of  combustion 
of  food. — ^While  for  the  approximationB  of  the  ordinary  dietary  study  the  use 
of  average  figures  for  the  percentage  compoeition  of  food  materials  is  fully 
justified,  in  an  accurate  balance  experiment  in  which  it  is  desired  to  know  the 
income  and  outgo  of  material  and  energy,  accurate  analyses  alone  can  he  used. 

Such  analyses  were  made  of  the  composite  sample  of  food  for  each  day. 


Dig  tzec  by  Google 
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Laboi^ 

dfttO. 

(<i> 

m 

Pro- 

(» 

as 

(e> 

HMtOt 

■tss 

tea. 

&l 

(PiO.). 

phur. 

tlon. 

Experimmt  No.  1. 

Mar.  14-15, 1905 

20.55 

128.44 

4.479 

10.261 

1.822 

4.641 

6,692 

3865 

Mar.  15-16. 1905 

26.09:156.81 

6.863 

Ifi.flHf 

2.03f 

6.08f 

6,771 

3866 

Mar.  16-17,1905 

21.65 

135.31 

5.162 

tl   KX- 

1.142 

2.851 

4,857 

14. 9( 

93. 1£ 

4.22£ 

9.685 

.335 

3,943 

3868 

Mar.  18-19. 1905 

26. 3< 

164.6: 

3.895 

8,92; 

1.61S 

4.025 

6,627 

3869 

Mar.  19-20, 1!!05 

17.  U 

106.8* 

3.420 

7  KV- 

1.136 

2.834 

4,810 

Mar.  20-21, 1905 

Total  for  1st  week.... 

22.14 

138.38 

4.703 

10.770 

3.066 

7.662 

6,200 

147.77 

923.67 

32.740 

74.986 

11.161 

27.831 

38,700 

Average  per  day 

Second  week: 

21.11 

131.94 

10.712'  1.693 

3.976 

6,629 

1 

3871 

Mar.  21-22, 1905 

22. 14  138. 3f 

3.481 

7  fl?f 

1.63£ 

5,611 

3872 

Mar.  22-23, 1905 

19,90'l24.3( 

4.000 

9.1m 

1.677 

3.93( 

6,092 

3873 

Mar.  23-24. 1905 

15. Oil  93.81 

2.260 

6  175 

1.095 

2.73^ 

4,698 

3874 

Mar.  24-25. 1905 

21.55|134.6( 

3.716 

8.51C 

3.git 

4:847 

Mm.  25-26, 1905 

20.80130. 0( 

4.534 

Id.  ;■«.'; 

1.764 

4.40? 

6,786 

3876 

Mar.  26-27,  1905 

25.65159.6! 

4.006 

9  17f 

1.922 

4.79i 

4,762 

3877 

Mar.  27-28, 1905 

Total  for  2d  week 

27.64|l72.75 

4.610 

10.658 

2.061 

5.143 

6,507 

152. 591953. 70'26, 587 

60  Sfll 

11.526 

28.769 

39,193 

Average  per  day 

Third  week: 

21.80136.24   3.798 

8.699 

1.647 

4.110 

5,599 

j 

16.62  103.88   2.755 

6.311 

Mar.  29-30. 1905 

12.83,  80.19   2.053 

4  701 

1.094;  2.73C 

3,440 

3880 

Mar.30-31,1905 

11.74   73.38   1.922 

4.401 

1.036   2.58e 

3,446 

24.69154.31    3.188 

7.301 

1.677!  4.187 

4,357 

3883 
3884 

22.65  141.56,  3.220 
19.14119.63  2,586 
13.99    87.44   2.306 

7.376 
6.922 
6.281 

1.609    4.015 
1-419,  3-541 
.972!  2.426 

4,356 
3,798 
3,847 

Apr.  3^,  1905 

Total  for  3d  week 

121.66  760.39  18.030 

41   293 

9. 26123, 091 

27,118 

Average  per  day 

Fourth  week; 

17.38  108.63    2.576'  5,899 

1.322    3.299 

3,874 

1             1 

3886 
3887 

17.91 
18.01 

111.94   2.467i  5.651 
112.561  3.171    7.263 

1.430 
1.211 

3.569 
3.020 

4,640 

4,208 

Apr.  6-7, 1905 

3888 

.990 

2.471 

2;752 

Total  for4dayB 

Average  per  lUy 

Experiment  No.  S. 

62. 68391. 75 

9,769  23.362 

4.701 

11.731 

14,995 

15.671  97.94 

2.4401  5.688 

1.175 

2.933 

3,749 

Firatweek: 

1 

Apr.  12-13, 1905 

7.I0I  44.36 

1.185   2.713 

.61( 

Apr.  13-14, 1905 

16.23  101. 4^ 

1,95a,  4.484 

1.276 

3.183 

2,806 

Apr.  14-15, 1905 

20.04125.25 

2.675    5.897|   1.452 

3.624 

3.573 

Apr.  16-16, 1905 

23.81148.81 

2.769    6.3201   1.727 

4.312     3,300 

1.525 

3.805    3,362 

Apr.  17-18, 1905 

28.98181.13 

4.302    9.854 

2.037 

5.0841    6,621 

Apr.  18-19, 1905 

Total  for  let  week 

19.45|l21.56 

2,686   6.923 

1.264 

3.156    3,768 

137.28'868.01 

18.00041.226 

9.89024.686:23.764  1 

Average  per  day 

19.61122.67 

2.671   6.889    1.413|  3.626|   3,396  1 
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L«bO^ 
»toi7 

bet. 

(a) 
Kitn>- 

01) 

1 

Pbo*- 
pboruB. 

(P.O0- 

(e) 

Sul- 
phur. 

3900 
3901 
3902 
3903 
3904 
3905 
3908 

JTzptrinunl  Ifa.  «— Cont'd. 
Second  week: 

Apr.  19-20. 1905 

Apr.  20-21,1905 

Apr.  21-22,  1905 

Apr.  22-23, 1905 

Apr.  23-24. 1905 

Apr.  24-25,  1905 

Apr.  26-26, 1906 

Total  for  2d  week 

Avorageperday 

Omi. 
19.05 
22.72 
20.22 
14.93 
21.57 
20.28 
17.12 

0«M. 

119.06 
142.00 
126.38 
93.31 
134.81 
126.75 
107.00 

Owu. 
2.674 
2.602 
2.613 
2.181 
2.896 
2.519 
2.606 

Omi. 
6.124 
6.636 
5.984 
4.996 
6.633 
6.770 
5.968 

ami. 
1.243 
1.682 
1.509 
1.170 
1.538 
1.387 
1.171 

Om.       Out*. 
3.102    3,086 
3.946    3,146 
3.766    3,762 
2.619    2,890 
3.840    4,411 
3.462    2,866 
2.922     3,296 

135. S9 
16.41 

849.31 
121.33 

18.081 
2.683 

41.411 
6.916 

9.600123.960  23,445 
1.372|  3.423    3,349 

Comparison  of  caiaiJated  atid  determined  amounie  of  protein  and  energy  of 
food. — For  reasons  which  will  appear  later,  it  seemed  desirable  to  obtain  some 
cbeck  upon  the  analytical  work  connected  witii  the  detennlnation  of  nitrogen, 
and  also  upon  the  heats  of  combastion  determined  by  the  bomb  calorimeter. 
The  calculated  protein  and  energy  shown  in  table  176  were  obtained  primarily 
for  this  pnrpose.  In  table  178  the  comparison  of  the  calculated  with  the 
determined  results  is  shown.  It  should  be  stated,  however,  that  the  unusual 
care  taken  in  the  preparation  and  analysis  of  these  samples  renders  the 
comparison  a  test  of  the  accuracy  of  the  average  figures  rather  than  a  check 
on  the  analyses.  The  comparipon  is  nevertheless  not  without  interest  and 
it  is  accordingly  here  presented. 


Date. 

Ener^.                   1 

4b) 

SSS: 

A,iSU 

Deter- 
mlDwl. 

(d-«). 

JS^^MHtttmt  So.  1. 
Fintweek: 

Mar  14-16,1605 

Mar.  15-16, 1906 

Mar.  16-17,  1906 

Mar.  17-18. 1805 

Mar.  18-16. 1905 

Mar.  19-20, 1906 

OfMM*. 

128.44 
150.81 
135.31 
93.13 
164.62 
lb6.88 

arami. 
131.52 
167,47 
122.02 

97.88 
172.94 
112.30 

Oram*. 

-  3.08 
-10.66 
+  13.29 

-  4.75 

-  8.32 

-  5.42 

OalortM. 
5,592 
6,771 
4;867 
3.943 
6,527 
4,810 

OalortM. 
6,064 
6,612 
4,325 
3,914 
6,631 
4,421 

Calorie*. 
+  628 
+  169 
+  632 
+     29 
-  104 
+  389 

;,t,zeab,GOOgle 
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Fi«telD(i^Mn. 


Xxptrinimt  !fo.  i— Cont'd. 
Beoondweek: 

Uar.21-22,ig05 

Biar.22-23,  1805 

Uar.23-24,  1905 

Har.  24-25,  1905 

Mar.  26-26, 1906 

Hu.26-27,1905 

Mar,  27-28,  1906     .... 

Total  for  2d  week.... 

Average  per  dft7 

Third  week: 

Uar.2S-2g,  1905 

Mar.29-30,  1906 

Mar.  30-31.  1906 

Mar.  31-Apr.  1,1906... 

Apr.  1-2, 1906 

Apr.2-3,  1905 

Apr.  3-*,  1906 

Total  for  3d  week.... 

Average  pei  day. . 
Fourth  week: 

J^r.  4-5, 1906 

Apr.  6-fi,  1906 

Apr.  6-7,  1906 

Apr.  7-8, 1906 

Totfafor4daTa.., 
Average  per  day. . 
SxptrimtHi  So.  t. 
First  week: 

Apr.  12-13, 1906... 

Apr.  13-14, 1905... 

Apr.  14-16,1906.. . 

Apr.  15-10,1906... 

Apr.  16-17,  1906... 

Apr.  17-18,1906... 

Apr.  18-19, 1006... 

Total  far  Ist  week. 
Average  per  day. . 
Second  week: 

Apr.  19-20,1906... 
Apr.  20-21, 1906... 
Apr.  21-22, 1905... 
Apr.  22-23, 1905. . . 
Apr.  23-24,  1905... 
Apr.  24-25,  1906... 
Apr.  25-26, 1906.., 

Total  for  2d  week. 
Average  per  day. . 


93.81 
134.69 

130.00 


143.91 
133.49 
88.97 
124.02 
129,86 
147.03 
176.82 


Oatoriet. 
6,611 
6,092 
4,698 
4,847 
6,786 
4,762 
6,607 


4,934 
5,962 
6,165 
4,649 
6,041 
4,696 
6,060 


147,38 
137.60 
116.61 
94.60 


-  8.14 

-16,39 

-  6,01 
+  6.93 
+  3.96 
+  4.02 

-  7.06 


3,874 
3,440 
3,446 
4,357 
4,356 
3,798 
3,847 


87.69 
111.94 
112.66 

79,66 


90.09 
114.61 
116.50 

84.18 


-  2.40 

■  2,67 

-  2,94 

■  4,62 


44.38 
101.44 
126.26 
148.81 
136.44 
181.13 
121.56 


3.01 


43.47 
102.76 
119.72 
149.48 
140.81 
182.46 


110.06 
142.00 
126,38 
93.31 
134.81 
126.75 
107.00 


115,01 
139.17 
119.00 
99.24 
131.72 
123.20 
106.00 


4,040 
4,208 
2,762 


4,673 
3,937 
2,663 


1334 
23O6 
3,673 


1,311 
2,819 
3,649 
3,302 
3,266 
6,684 
4,146 


3,146 
3,762 
2,890 
4,411 
2,866 


+  677 
+  130 
-  667 
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A  compariBOD  of  the  compnteA  and  determined  amoonts  of  protein  shows 
Uiat  conaidersble  difierences  appear  on  indiTidual  daya,  ranging  in  nitrogen 
metabolism  experiment  No.  1  tiom  -{-13.39  grams  on  March  16-17  to — 15.39 
grams  on  March  29-30.  The  diiferences  are  less  in  the  second  experiment, 
'-f  7.38  to  —5.93  grama. 

The  average  daily  results  for  the  difTcrent  weeks  show  very  mach  smaller 
discrepancies.  The  grand  average  for  experiment  No.  1  shows  abont  3  grams 
more  per  d&j  by  calcnlation  titan  by  actual  determinatioD,  a  difference  of 
approximately  2  per  cent 

The  agreement  in  the  two  methods  of  obtaining  the  amotmte  of  protein  in  the 
second  experiment  is  all  that  coold  be  desired.  The  average  amounts  per  day 
show  dis(a«panciea  for  2  weeks  of  the  experiment  of  less  than  1  per  cent. 

The  general  nniformity  observed  in  the  calculated  amounts  of  protein  when 
compared  to  the  determined  amounts  is  unfortunately  not  recognized  so  readily 
in  the  energy  determinations.  The  variations  in  experiment  No.  1  in  the 
amounts  of  energy  run  from  — 557  calories  on  March  23-24  to  +715  on 
March  25-26.  On  the  average  the  energy  as  calculated  is  less  than  that 
actually  determined  by  about  ICO  calories  per  day.  It  is  to  be  borne  in  mind, 
however,  that  the  quantities  of  energy  are,  in  general,  very  large  averaging 
about  4500  calories  per  day.  Thus  the  average  discrepancy  is  about  4  per  cent. 
It  is  interesting  to  note  that  in  the  majority  of  instances  no  uniformity 
exists  between  the  discrepancies  appearing  in  the  protein  and  the  energy, 
though  on  March  29-30  the  large  minus  discrepancy  (in  terms  of  the  amount 
calculated)  in  the  protein  corresponds  with  a  very  large  minus  difference  in 
the  energy.  On  March  16-17  also,  when  large  discrepancies  are  found  in  both 
protein  and  energy,  botii  results  in  terms  of  the  amount  calculated  are  positive. 
In  the  second  experiment  the  agreement  between  the  calculated  and  determined 
amounts  of  protein  and  energy  is  very  satisfactory. 

On  the  whole  the  agreement  between  the  amounts  calculated  and  those 
determined  is  fufBciently  dose  to  indicate  that  there  was  no  material  error, 
either  in  sampling  or  in  analysis. 

Feces. — The  time  of  defecation,  the  weights  of  fresh  feces,  and  air-dry 
material "  are  i-ecorded  in  table  179. 

The  copious  defecations  are  especially  noticeable.  For  example,  on  March 
19  there  were  349.4  grams  of  fresh  feces  passed  at  9"  15°*  a.  m.,  and  at  6  p.  m. 
of  the  same  day  263.4  grams  were  excreted,  i.  e.,  611.8  grams  of  feces  were 
passed  within  8  hours.  Indeed,  the  next  morning  at  8.30  there  was  a  defecation 
amounting  to  312.4  grams.  Within  24  hours,  therefore,  this  subject  excreted 
924.2  grams  of  fresh  feces. 

••  Dried  to  a  water  oven  and  allowed  to  stand  in  the  laboratory  for  86  hours 
before  weighing. 
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Tuue  n9.--F«cet  p(u$ea— Nitrogen  nufofroUim  experimmU  Sm.  1  ana  t. 


WWgbt 
dried 


MITBOOKN  HBTABOLISH  BZP-T  No.  1 


H«r.  IT S  00    k.1 

Har.  18....  3  SO 
Km.  19....  9  15 
S  00 
Hit.  so,. 

Httr.  SI.. 

ToUI,  lit  weak.. 


Sacoud  week 
U$.i.  SI  . . 
Har.  SS... 

Httr.  !»... 


Hkr.  2*. . 
Mar.  is.. 
Har.  Sfi. . 
Har.  97.. 
Har.  28.. 


t)SO    a.1 
TSO    p.i 


7  0U  p.i 

8  SO  a.1 
t  IS  p.] 

9  SO  a.] 
TOO  p.] 
8  00  a.) 
8  80  p.] 


TBO    1 
Total,  Sd  WMk. . 


birdi 
Mar 

eek: 
29.... 

Har 

80.... 

Ifar 

81.... 

Apr. 

Apr. 

Apr. 

Apr. 

a  00  p.i 

8  00  a.i 

S  80  p.i 

8  00  a.1 

8  00  all 

8  06  a.) 

8  46  p.) 

ToUl,8d  week 


1810. T     448.3 


I  welcht 


NITItOQBN  HBTAB0U8U  BZPT  N 


inrth  week:' 
Apr.  6 

Ap>--« 

Apr.  7 

Apr-  8 

Apr.  9 

Apr.  IB. . . . 

9M0-  a.m 

5  60  p.m. 

6  00  p.m. 
780 

7  80  a.m. 
9  80  p.n 
H  IS  a.m. 


19. S 
49.0 
37.6 
41.1 
S8.3 
10.8 


NITBOOBN  HBTABOLISH  BZP'TMo.B. 


Apr.   16.. 

Apr.  10.. 
Apr.  17.. 
Apr.  18.. 
Apr.  19.. 


8M)S<°a.m 

ISO  p.111 

8  IS  a.m 

19  SS  p.n 

6  46  p.ni 
915  a.m 

5  65  p.ni 

7  30  a.  m 

6  16  p.m 

8  80  a.m 
B  90  p.m 
810  a.m 
S46  p.m 


188.9 
1S9.7 
16S.8 
87.8 
flfl.9 
40.8 


102.6 
190.8 
07.9 


Total,  lit  week.. 


Second  week ; 
Apr.  19... 
Apr.  20. . . 

Apr.  31... 

Apr.  33... 

Apr.  3S. . . 

Apr.  94. . . 
Apr.  36... 


BM6"p.m. 
760 
6  IS 

0  80  a.iii. 

6  36  p.n 

7  35  a.ii 
S  S6  p.n 
OSO  a.D 
616  p.a 

11  80  p.D 

710  a.ii 


Total,  9d  week.. 


*  81.8 

105.0 
90.5 
03.5 
00.8 

159.4 
64.3 

118.1 
70. B 
80.3 

860.1 
19.0 
68.9 

iie.o 

S8.5 

103.0 

.  1603.0 


and  the  foUowiiiK  amoimL 


>  Beparatton  between  tbia 
■  Sea  note  2,  table  180. 

•  After  aDenuu 

*  Bbowed  lampblack  from  eapeole  taken  with  breakfait  April  10,  Included  with  feeea  for 


mpblack  C 
AprUSO. 
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The  "  dried "  feces  were  not  absolutely  anhydroiu,  but  the  comparison 
between  tiie  weights  of  the  freeh  and  dried  material  indicates  considerable 
variations  in  the  percentages  of  water  in  the  feces  from  day  to  day.  Thos  in 
the  246.5  grams  of  fresh  feces  passed  March  23  at  7"  10"  p.  m.  there  were  but 
39.0  grams  of  air-dry  material.  Allowing  5  per  cent  of  water  in  the  air-diy 
material,  the  water-free  sabstance  would  constitute  only  16  per  cent  of  ilie 
whole  amount,  an  unusually  low  percentage.  There  was  no  indication  that  the 
subject  had  any  diarrhcea. 

The  20.4  grains  of  feces  passed  on  April  13,  at  8"  15"  a.  m.  (second  day  after 
a  4-day  fast)  on  the  contrary,  contained  10.4  grams  of  air-dry  matter  or 
about  50  per  cent  of  the  total, 

Fluctuations  of  similar  character,  though  not  so  marked,  can  be  observed 
in  ihe  water  content  of  the  feces  passed  during  the  second  nitrogen  metabolism 
experiment 

Anaiyaig  of  fecet. — ^The  air-dried  feces  for  each  week  were  ground,  sampled, 
and  analyzed.  The  amounts  of  nitrogen,  sulphur,  phoephoms,  and  the  heat 
of  combustion  per  gram  are  recorded  in  table  180. 

Tabu  180. — Determined  vteigM  of  nUrogen,  tutphur,  omd  tXotphonu,  and  heat  of 
comtnution  of  partialty  dried  fecei — mtrogen  metaimlitm  esperimentt  Not.  i 
and  t. 


Dmbe. 

Nit«J- 

Phoe- 

'ST 

(0) 

Pboi- 
pborlo 

SdI- 

Qsktof 

per 
gwun. 

KxperiniBntNo.  1: 

or... 

First  week.  Mar.  14  to  21 

16.42 

6.16 

14.11 

1.60 

3.76 

6.O04 

3890 

Second  week,  M».  21  to  28. .. . 
Thiid  week,  Mar.  28  to  Apr.  4. . 
Fourth  week,  Apr.  4  to  13 

27.17 

8.52 

19.61 

2.49 

6.21 

S.146 

3S91 

19.60 

6.06 

13.88 

1.79 

4.47 

5.185 

3S92 

10.14 

3.26 

7.46 

.98 

2.44 

6.069 

Experiment  No.  3: 

3907 

FiMtweek,.^r.l2'tol9 

17.22 

6.83 

15.66 

1.67 

^m 

4.779 

BeooDd  week,  Apr.  19  to  26. . . . 

fl.08 

13.91 

1.46 

3.63 

4.785 

Tbe  per  ceote  of  DltrogeD  In  feces  for  the  different  weein  ot  the  erperioienta  were  u  fol- 
I :  Biperlment  No.  1.  tint  ■mxk,  4.ia  per  cent ;  eecond  week,  4.09  per  cent ;  third  week,  4.40 
— ';  fonrth  week,  4.82  per  cent    For  experiment  No.  2,  Uie  correipondlng  per  cent!  were 


2.M  and  4.02. 

■  The  senratlon  ot  teeea  from  nitrogen  metsbollnn  experiment  Mo.  1 
April  18.    The  lecond  experiment,  howerer,  began  on  April  12,  when  fooa  wu  mKntPO. 

No  attempt  was  made  to  determine  the  water  in  the  feces,  as  the  subject  was 
not  within  the  respiration  chamber  and  consequently  the  water  balance  could 
not  be  determined.  The  analyses  of  the  feces  were  accordingly  made  on  the 
aii^^ry  material. 

Amounts  of  fecal  nitrogen  excreted  per  day. — Although  it  is  obriously 
impossible  to  separate  the  feces  for  each  experimental  day,  it  is  of  advantage 
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to  estimate  aa  nearly  as  possiblo  the  quantity  of  fecal  nitrogen  excreted  each 
day  in  order  to  compute  the  daily  gains  or  losses  of  nitrogen  to  the  body. 
Separation  of  tlie  feces  wae  made  each  week.  In  tlie  computations  of  the 
amount  of  daily  fecal  nitrogen  recorded  in  table  181  it  is  assumed  that  the 


Date. 

toUl 

s 

•E? 

nitn- 

■«Q. 

D«l& 

A) 
C^m- 

^^ 

f«al 
nitro- 

ExperimmiNo.1. 
Rratweek: 

Pwamt. 

13.9 
17.0 

H.a 

10.1 
17.8 

11. e 

15.0 

Orow. 
2.28 
2.76 
2.40 
1.66 
2.92 
1.91 
2.46 

Fourth  week: 

PwimU. 
22.4 
28.6 
28.7 
20.3 

Onmu. 
2.27 
2.90 
2.91 
2.06 

Totid,4d8yB 

Averageperday.. .. 
BxpeTimmtffo.e. 
Krrtwoek: 

100.0 

10.14 
2.54 

Mar.  19-20 

Total,  let  week 

Average  per  day. . . . 
Second  week: 

6.2 
11.8 
14.6 
17.3 
15.8 
21.1 
14.2 

0.90 
2.03 
2.61 
2.98 
2.72 
3.63 
2.46 

100.0 

16.42 
2.35 

14.5 
13.0 
9.9 
14.1 
13.6 
16.S 
18.1 

3.94 
3.53 
2.69 
3.83 
3.70 
4.56 
4.92 

Total,  let  week 

Averageperday.... 
Second  week: 

100. 0 

17.22 
2.46 

itw.27-28 

Total.  2d  week 

Average  per  day.... 
Third  week: 

100.0 

27.17 
3.88 

14.0 
16.7 
14.9 
11.0 
16.9 
14.9 
12.6 

2.31 
2.76 
2.46 
1.82 
2.63 
2.46 
2.08 

Apr.20-21 

13.7 
10.6 
9.7 
20,3 
18.0 
15.7 
11.6 

2.67 
2.05 
1.89 
3.96 
3.63 
3.06 
2.24 

Mar.31-Apr.l 

Total,  2d  week 

Averageperday.... 

100.0 

16.62 
2.36 

Total,  3d  week 

Average  per  day.... 

100.0 

19.60 
2.79 

fecal  nitrogen  was  proportional  to  the  nitrogen  ingested  each  day.  The  total 
nitrogen  ingested  each  week  was  taken  as  100  per  cent  and  the  proportion  of 
this  amount  ingested  each  day  calculated.  These  valnes  are  recorded  in  the  first 
colimin  of  the  table.    The  total  nitrogen  of  the  feces  for  the  veek  vsa  then 
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diBtributed  among  the  different  iijB  in  proportion  io  ihe  nitrc^en  ingested. 
These  apportionments  are  given  in  the  second  column  of  the  table.  The 
average  fecal  eicretion  of  mtrogei^  per  day  for  each  week  is  also  recorded. 

Seat  of  combustion  of  food,  feca,  and  urine. — I'he  larger  portion  of  the 
potential  energy  of  the  food  ingested  is  either  liberated  in  the  form  of  heat 
as  a  residt  of  oxidation  in  the  body  or  stored  as  potential  energy  of  body 
material,  bnt  a  small  portion  of  the  potential  energy  of  food  leaves  the  body 
unozidized  in  the  organic  matter  of  feces  and  nrine.  The  proportion  of  the 
total  energy  unavailable  for  use  by  the  body  can  be  found  by  determining  the 
heat  of  comhnstion  of  the  organic  matter  of  feces  and  urine.  The  detenni- 
nation  of  tiie  heat  of  combustion  of  food  or  indeed  of  feces  presents  little 
difficulty,  and  as  has  been  stated  before  the  heat  of  combustion  of  the  dry 
matter  of  food  for  each  day  and  the  feces  for  each  week  was  determined  on 
all  the  samples  in  these  experiments.  On  the  other  hand,  considerable  difficulty 
is  experienced  in  obtaining  accurate  results  for  the  heat  of  combustion  of  urine 
and  the  process  is  much  longer  since  the  urine  must  be  dried,  preferably  in  a 
vacuum  at  room  temperature.  Many  experimcDts  made  in  this  laboratory  and 
indeed  some  experiments  with  this  same  subject  S.  A.  B.,  have  shown  that 
the  energy  of  the  urine  can  be  approximately  computed  by  allowing  9  calories 
for  every  gram  of  urinary  nitrogen.  Hence  in  the  experiments  under  dis- 
cussion the  energy  of  the  urine  was  calculated  by  the  use  of  this  factor  and 
the  total  nitrogen  of  the  urine.  Direct  determinations  of  the  heat  of  com- 
bustion of  urine  were  made  on  a  few  samples. 

Table  182  shows  the  determined  heata  of  combustion  of  the  food  and  feces, 
and  the  calculated  heats  of  combustion  of  the  urine,  from  which  data  the 
available  energy  (given  in  column  d)  for  each  day  of  the  experiments  is 
derived.  As  stated  at>ove  the  energy  of  the  urine  i?  calculated,  and  owing  to 
the  impracticability  of  making  determination->  on  daily  samples  of  feces 
the  heat  of  combustion  of  the  feces  for  each  day  has  been  obtained  by  means  of 
the  weight  of  pariially  dried  material  (table  179),  and  the  heat  of  combustion 
per  gram  of  the  total  for  the  week.  Appended  to  the  table  are  notes  showing 
the  few  actual  determinations  of  the  heat  of  combustion  of  urine. 

A  comparison  of  the  calculated  amounts  of  energy  in  the  urine  wiih  corre- 
sponding amounts  actually  determined  shows  not  inconsiderable  variations. 
For  the  purpose  for  which  the  energy  of  the  urine  is  obtained,  however,  the 
errors  involved  make  no  material  difference  in  the  results.  The  largest  error, 
19  calories  on  March  18-19,  constitutes  only  about  0.3  per  cent  of  the  total 
energy  of  food. 

Anidyais  of  vrme. — The  determinations  in  the  urine  that  are  of  especial 
value  in  an  experiment  of  this  nature  were  made  and  the  results  are  recorded 
in  table  183.    The  weight,  spediic  gravity,  and  volume  are  of  interest  for 
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comparisoii  with  Bimilar  data  obtained  with  this  enbject  during  more  or  less 
prolonged  periode  of  inanition.  In  many  instances  the  phosphoniB  was  deter- 
mined both  by  titration  with  urnniam  acetate  and  by  the  method  of  fusion 
with  sodium  peroxide,  and  both  sets  of  figures  are  given  for  compariBou. 
The  other  detominationB  are  presented  in  the  same  manner  as  for  the  fasting 
experiments. 


Date. 

i 

j 

1 

Date. 

h 
1 

j 

it) 
8-_ 

1 

ETptrtmtnt  So.  1. 
First  week: 
Mar,  14-15. .. . 
Mar.  15-16,,,. 
Mar.  lfi-17..,. 
Mar.  J7-18.... 
Mar.  18-19.. . . 
Mar.  19-20.... 
Mar.  20-21.... 

Total,  lat  week 
Second  week: 
Mar.  21-22..,, 
Mar.  22-23.... 
Mar,  23-24,,.. 
Mar.  24-25. . . . 
Mar,  25-28. . . . 
Mar.  26-27..,, 
Mar.  27-28. . . , 

Total,  2d  week 
Third  week: 
Mar.  28-29  , . , . 
Mar.  29-50..,, 
Mar.  30-31.... 
Mar.31-Apr.2  | 

Apr.2-3 

Apr.3-4 

Total,  3d  week 

Coto. 
5,692 
6.771 
4,857 
3,943 
6,527 
4,810 
6:200 

Cato, 
218 
291 

119 
49 
582 
383 
360 

Cob. 
'113 
119 

100 

57 

'  86 

107 
86 

6*;26"l 
fl.361 
4,638 
3.837 

6,850 
4,320 
6.746 

Fourth  week: 

Apr.  4-6 

Apr.  6-6 

Apr.6-7 

Apr.  7-8 

Total,  4  days. . 
Sxptrimenl  No.  t 
First  week; 

Apr,  12-13. , . , 

Apr.  13-14. .. . 

Apr.  14-15, , . . 

Apr.  16-16.... 

Apr.  16-17. . . . 

Apr.  17-18. , , , 

Apr.  18-19. . . . 

Ool.. 
3,395 
4.640 
4,208 

2.752 

(M». 

318 
388 
208 
272 

Cola 
114 
104 
•107 

102 

Ool*. 
2.963 
4,148 
3.893 
2,378 

14,996 'llSO 

427  13.382  | 

1.334  1  .... 
2,806    334 
3,673  1  349 
3,300!  136 
3.362    300 
5,621 i  209 
3,768  :  339 

'100 
105 
136 
125 
149 
161 
114 

1.234 
2.367 
3,088 
3,039 
2,913 
5.251 
3.315 

38.700 

20U 

668 

36,021 

5,sn 

6.092 
4,698 
4,847 
6.786 
4.752 
6,507 

665 
640 
390 
367 
672 
379 
417 

92 
84 
72 
78 
4  08 
101 
131 

4.854 
6.368 
4.136 
4,412 

6.106 
4.272 

6,959 

Total,  Ist  week 

23,764  1667 

890 

21,207 

Second  week: 
Apr.  19-20..,. 
Apr.  20-21.,.. 
Apr.  21-22.... 
Apr.  22-23.... 
Apr.  23-24. . . . 
Apr.  24-25. . . . 
Apr.  25-26..., 

Total,  2d  week 

3.086 
3.146 
3.752 
2,890 

4,411 
2.865 
3.295 

329      124 

2,633 

39,193 

1420 

666 

35,107 

3.874 
3,440 
3.446 
4,357 
4.366 
3.798 
3.847 

340 
334 
410 

3891 
306/ 
256 
262 

113 

83 

81 

•235 

116 
91 

3,421 
3,023 

2.955 
7,783 
3,427 
3,494 

248 
252 
285 
210 
179 

109  3,395 
100  2,538 

96  4.030 
120  2.536 

110  3,006 

23,445 

1713 

787  20,946 

27,118 

2297 

718 

24.103 

n  aaamed  tbat  ibt  ttctt 


following  tL, 

■  Df tennlDcd,  111  uioriM, 

■  Determined.  100  calories. 


>  pita  a»j  remit  from  tbe  food  of  U 
lern  bere  ^^Tcn   wbs^  calcolated^were  excreted  < 


'DclennlDeiL  1 -, 

'  Determined,  244  calories. 


Compare  table  ITS,  p,  2S8. 
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Dkte. 

«•)          (b) 
artiM.    fiaviir 

Tol- 

mutf 

(e) 

Pboa- 
pboru>> 

"-iRgS.-| 

JL 

JL 

Esjierimtnt  Nq.  1. 

'^ii.oisa 

769.81.0242 
1,460.81.0168 
1,072.21.0162 
1,818.6  1. 01&3 
1,669.91.0172 
1,667.71.0167 

"rea 

762 
1,437 
i:055 
1,791 
1,642 
1,640 

12.61 
13.18 
11.07 
6.31 
e.65 
11.89 
9.55 

0.642 
.962 
.744 
.397 
.867 
.987 
.895 

?!470 
2.180 
1.704 
0.908 
1.987 
2.261 
2.050 

2.196 
1.268 
1.086 
1.078 
2.322 
2.118 

Mw.  16-17* 

IW.-  17  1R 

M>i-.lft-20 

Mm.20-21 

»,2«6.0    .... 
1,323.7    .... 

9,110 
1,301 

74.16 
10-60 

5.484 
.783 

12.561 
1.794 

12.824 

1.803 

Average  per  dfty 

1,312.31.0213 
1,515.91.0212 
1,243.1  1.0210 
1,349.41.0178 
1,133.61.0245 
913.51.0283 
i;j29.61.0261 

1,285 
1,484 
1,218 
1,326 
1,106 
888 
1,198 

10.17 
9.35 
8.02 
8.63 
11.95 
11.26 
14.53 

1.149 
1.084 
.093 
1.072 
1.166 
1.295 
1.412 

2.631 
2.482 
2.274 
2.456 
2.670 
2.966 
3.234 

Mar.22-23' 

Mar.25-26 

Total,  2d  week 

Average  per  dft7 

8,697.3    .... 
1,242.5    

8,505 
1,216 

73.91 
10.56 

8.171 
1.167 

18.713 
2.673 

1,880.0  1.0142 
1,600.2  1.0144 
1,464.11.0144 
3,534.9  1.0168 
1,910.71.0144 
1,696.71.0145 

3.671 
2.513 
2.636 
6.660 
3.459 
2.840 

\% 
1,443 
3,477 
1,884 
1,574 

Mar.30-31 

M«.3l-Apr.2 

9.00 
26.14 
12.77 
10.11 

1.160 
2.908 
1.610 
1.240 

Apr.3-4 

Total,  3d  week 

Average  per  d&7 

11,986.6    .... 
1,712.4    .... 

11,809 

1,687 

79.83 
11.40 

9.467 
1.352 

121.678 
3.097 

.^.4-6 

1,622.41.0126 
1,433.11.0152 
1,780.81.0142 
1,134.31.0200 

1,602 
1,412 
1,766 
1,112 

12.66|1.280 
11.56'l.350 
11.87,1.251 
11.361  .944 

2!8e6 

2.034 
3.093 
2.902 
2.1^ 

Apr.6-7 

Apr.  7-8 

5.970.6  .... 

1.492.7  .... 

5,882 
1,471 

47.44'4.S25 
11.861.206 

11.181 
2.795 

Average  per  day 

891. 01.0160 
1,006.81.0173 
1,011.711.0203 
1,426. 2<  1.0136 
2,296. 2|1. 0121 
2,440.61.0153 
1,834.91.0129 

877 
990 
992 
1,407 
2,269 
2,404 
1,812 

11.14 
11.65 
15.08 
13. SB 
16.63 
17.93 
12.72 

0.652 
.499 
.971 
.966 
1.307 
1.432 
1.079 

..49S 
1.142 
2.225 
2.189 
2.994 
3.280 
2.472 

1.671 
1.376 
2.458 
2.067 
2.731 
3.762 
2.799 

Apr.17  18 

Total,  Irtweek 

10,907.31    .... 
1,668.2:   .... 

10,751 
1,536 

16.796 
2.256 

16.853 
2.408 

AvttKgeperday 

14.13 

.986 

PbMplioni*  from  refiilt*  tiy  UtntloD  when  fnaloo  not  >T>ltab1c. 

Total  creatinine,  l.GW  (rami;  preformed  creatinine,  1.49B  gnuni;  creatine,  0.0T8  gram. 
Prelormed  creatinine,  1.4S8  grams.  *  Preformed  creatinine,  1.48T  grama. 

Preformed  creatinine,  1.2S1  grams.  •Preformed  creatinine,  1.SZ8  grama. 

Total  creatinine,  1.4D0  grama;  prefornMd  creatinine,  1.40T  grama;  creatine,  0.04S  gram. 
Total  creatinine,  1.420  grama;  preformed  creattnlne,  1.884  grama;  creatine,  0.036  gram. 
Total  creatinine,  1.SS4  grama;  preformed  creatlDlDe,  t.SOO  grama;  creatine,  0.084  gram. 
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Xtptrim4itl  So.  f — Cont'i 

Apr.19-20 , 

Apr.20-21 

Apr.21-22 , 

Apr.22-23 

Apr.  23-24 

Apr.24-25 

Apr.25-2a 

TotaJ,2dweek 

Avenge  per  dft^ 


1,840.0 

1,806.4 
2,417.9 
1,497.1 
2,189.2 
1,674.2 


1.014S 

1.0142 

1.0131 

1.0112 

1.0143 

l.C 

1.0165 


13.80 
14.18 
12.09 
11.13 
10.66 
13.30 
12.19 


Phonho 


fuiiaa.    UUMKio. 


1.141 
I.IOO 


13,271   87.35 '7.631^17.48021.944 
1,896    12.48*1.272f   2.913   3.13d 


Sxptrim*n$  Ifo.  1. 

MftT.  14-15' 

Mar.15-16' 

Mar.  16-17' 

Mar.  17-18 

Mar.  18-19 

Mar.  19-20 

Mar.20-21 

Total,  1st  week 

Average  per  (1*7 

Apt.fi-7 

Apr.  7-8 

B:fperiin»ta!fo.t. 

Apt.12-13* 

.^r.  13-14* 

Apr.  14-15 

Apr.  1^16 

Apr.  16-17. 

Apr.  17-18 

Apr.18-19' 

Total,  let  week 

Average  per  day. . . . 

Apr.  19-20 

^r.20-21 

Apr.21-22 

Apr.22-23 

Aiw.  23-24 

Apr.24-25 

^.25-28 

Total,  2d  week 

Average  per  day.... 


2.440 
2.176 
1.622 
1.126 


and         NaatiaL 


2.174 
1.854 
1.4U 
.867 
1.496 
1.634 
1.508 


0.812 
.967 

1.010 
.826 

1.016 

l.C  _ 
.814 


2.028 
2.412 
2.524 
2.063 
2.536 
2.555 
2.033 


2.179 
2.168 
1.863 


1.973 
1.700 
2.364 


1.753 
2.339 
1.761 
1.780 
1.639 
2.276 
1.997 


.217 
.213 

■251 


1.181 
1.804 
7.980 
6.010 
6.225 
8.664 
7.570 


1.948 
2.977 
13.171 
8.272 
10.276 
14.200 
12.490 


3.494 
7.932 
16.605 
7.629 
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PART  3.    DISCUSSION  OF  RESULTS. 

The  data  aocnmulated  in  the  experiments  made  od  fasting  men  in  this 
laboratory  fnmiflh  material  for  a  general  diBCueaion  of  the  subject  of  the 
influence  of  inanition  on  metabolism.  Of  the  nnmerouB  questions  in  physiology 
upon  which  these  results  throw  light,  it  vill  obviously  be  impossible  in  this 
volume  to  diacusB  any  except  those  which  have  more  speciflcally  to  do  with  the 
general  subject  of  metabolism.  Numerous  important  subjects  in  metabolism, 
such  as  the  protein  requirement  of  the  body  and  the  relation  of  the  active  mass 
of  protoplasmic  tissue  to  the  heat  production,  must  be  deferred  for  subsequent 
discussion.  Certain  aspects  of  the  inflaeuce  of  inanition  on  metabolism, 
however,  may  with  propriety  be  dealt  with  now  and  the  following  discussion 
is  designed  to  present  all  the  information  thus  far  obtained  regarding  the 
various  phases  of  physiological  activity  upon  which  the  data  throw  light. 

Literature^ — ^Where  reference  to  the  eariier  literature  on  experiments  with 
fasting  men  is  made,  the  articles  given  in  the  following  list  will  be  indicated  by 
the  number  preceding  each  title,  as  for  example,  Luciani  (4). 
(t)  On  tb«  body-welsbt  and  urea  In  a  case  at  starvation.    David  Nicholson.    Brit. 

Hed.  Jonrm.  (1870),  1,  p.  4. 
<2)  UetabollBm  In  tasting.    A.  Badovjen.    Russian  Sodety  of  Oeneral  Rjglene 
(ISS7-188S),  12,  pp.  13-TG. 

(3)  Observations  on  the  metabolism  of  man  dnrinE  starvation.    D.  NoN  Paton  and 

Ralph  Btochman.  Proceedlnga  of  the  Royal  Society  of  Edlnbur^  (ISSS- 
1SS9),  16,  p.  121. 

(4)  Das  Hungem.    Lulgt  Lndanl  (1890).    I^lpclg. 

(5)  Die  BlwelsBzereetzung  belra  Menschen  wfthrend  der  ersten  Hungertage.    W. 

Prausnltz.    Zeltschrlft  f.  Blologle  (1S92),  28,  p.  ISl. 

(6)  11  ricambto  mateiiale  e  la  tosalclta  dell'  urlna  nell'  Inanlzione  dell'  uomo. 

a.  Ajello  A  A.  Solaro.    La  Rtforma  Hedica  (1893),  Anno  iz,  8,  p.  G4Z. 

(7)  tJntennchungen  an  zwel  hnngemden  Menscben.    Curt  Lebmann,  Prledrlcb 

Mueller,  Immanuel  Munk,  H.  Senator,  N.  Zunta.  Arcblv  f.  patbologlscba 
Anatomle  n.  Physlologle  u.  f.  hllnlache  Medlcln  (1S93),  181,  Supplementheft. 

(B)  Uetabollara  during  fasting  In  hypnotic  sleep.  C.  F.  Hoover  and  Torald  Boll- 
man.    Joura.  Ezper.  Med.  (1897),  2,  p.  403. 

(0)  Bettrftge  inr  Kenntnlse  des  Stoftwechsels  belm  bnngemden  Menscben.  J.  B. 
Johansson,  B.  Umdergren,  Klas  Sond4n,  nnd  Robert  Tigerstedt.  Skand. 
Arcblv  f.  PbTslologle  (1897),  7,  p.  29. 

(10)  Beltrfige  zum  StoIfwecbBel  Im  Hungennstande.  E.  Freund  und  O.  Freund. 
Wiener  kllnlscbe  Rundschau  (1901),  Ifi,  pp.  69-71  and  91-93. 

(11)  Beobacbtung«n  Qber  die  KreatlnlnausBcheldung  belm  Menschen.  C.  J.  C.  Van 
Hoogenbuyze  and  H.  Terploegh.  Zeltschrlft  fQr  physlologlsche  Chemte  (1906), 
46,  p.  41S. 

(12)  EHwelsszerfall  und  Acidosis  Im  extremen  Hunger  mlt  besonderer  Berflck- 
Blcbtlgung  der  StlckstofFverthellung  Im  Ham  (nach  UnUrsuchungen  an  dem 
Hungerkanstler  Saccl).    Tbeodor  Brugscb.    Zeltschrlft  f.  expt.  Pathologle  u. 
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body-weight. 

Aside  from  the  general  obaerrationg  on  fasting  individualB,  such  as  the 
viaiblfl  Ices  of  flesh,  strength,  etc.,  perhaps  the  earliest  measarement  vae  that 
of  the  loss  in  body-weight.  Since  in  fasting  the  body  snbaists  upon  its  own 
tiesnes,  it  persistently  loses  in  weight.  It  is  to  be  regretted  that  in  the  majority 
of  the  earlier  experiments,  more  careful  consideration  was  not  given  to  the 
weighings,  accuracy  of  the  scales  used,  uniformity  in  the  amount  of  clothing 
worn,  etc.  The  records  of  loss  in  body-weight  from  day  to  day  are  tlierefore 
in  most  instances  very  unsntiefactory,  although  in  a  few  cases  they  were 
seemingly  made  with  care. 

The  extreme  accuracy  of  ttie  weighing  apparatus  used  in  this  laboratory  tends 
to  make  the  weighings  of  more  than  ordinary  value.  Moreover,  verification  of 
the  changes  in  body-weight  was  secured  in  the  experiments  reported  in  the 
preceding  sections  by  comparing  them  with  the  balance  of  income  and  outgo,  it 
is  therefore  reasonable  to  suppose  that  the  records  of  body-weight  and  changes 
of  body-weight  here  given  are  much  more  accurate  than  any  earlier  records. 

In  instances  of  so-called  complete  fasting,  i.  e.,  where  no  drinking-water  is 
consumed,  the  loss  in  body-weight  might  be  expected  to  be  larger  than  in 
those  experiments  in  which  water  was  taken,  although  the  drinking  of  large 
quantities  of  water  is  almost  immediately  compensated  by  the  voiding  of  large 
quantities  of  nrine.  In  the  complete  fasting  experiments,  the  only  intake  is 
ttie  oxygen  of  the  air.  This  intake  varies  from  500  to  600  grams  per  day, 
according  to  the  muscular  activity  and  size  of  the  subject.  Since  this  oxygen 
combines  with  carbon  and  hydrogen  in  the  body,  and  with  the  disintegration 
of  the  twdy  tiBBue  there  is  a  consequent  loss  of  water,  it  is  to  be  expected  that 
the  loss  in  body-weight  during  complete  fasting  vrill  be  not  far  from  700  to 
1000  grams  per  day. 

Experiments  on  animals  hare  shown  that  with  mammals,  birds,  amphibia, 
and  flshes,  the  loss  reached  40  per  cent  of  the  original  weight  before  death 
ensued.  Although  numerous  cases  of  fasting  insane  and  pathological  instances 
of  long  fasting  are  recorded,  no  satisfactory  evidence  has  been  accumulated 
to  show  the  extent  of  the  loss  which  the  body  can  undergo  before  death 
ensues  in  the  case  of  men.  Apparently  authentic  instances  are  recorded, 
however,  of  professional  fasters  who  succeeded  in  fasting  from  30  to  46  ( ?) 
days  and  again  recovered  their  usual  health.  During  these  latter  tests  of 
endurance,  water  was  taken  in  every  instance. 

Possibly  the  most  accurate  of  the  earlier  studies  of  loss  of  body-weight  during 
complete  fasting  is  that  of  Laun*  in  an  experiment  on  himself  lasting  Sl^ 
hours.    Prom  the  completion  of  the  evening  meal  at  10  o'clock  February  19 
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until  5"  30"  a.  m.,  Febrnaiy  21,  neither  food  dot  drink  was  taken.  He  weighed 
himseif  at  7"  30"  a.  m.,  February  20,  and  again  at  6  a.  m.,  February  21. 
During  this  period  the  body-weight  waa  reduced  from  77.64  kg.  to  75.77  kg., 
that  is,  in  21^  houTB  there  waa  a  lose  in  weight  of  1.87  kg.  The  author 
calculat«s  that  for  24  honra  the  total  loss  in  weight  would  have  amounted  to 
2.09  kg.  and  that  if  he  had  weighed  himgelf  immediately  aft«r  the  erening 
meal  on  the  19th,  the  loss  for  the  entire  period  would  have  been  2.34  kg.  The 
balance  used  was  accurate  to  4K  grams. 

In  the  three  24-hour  fasting  experiments  reported  by  Pettenkof er  and  Yoit ' 
the  loBsea  in  body-weight  were  930,  660,  and  680  grams,  respectJTely.  In  the 
last  experimeut  work  was  performed. 

Banke  *  lost  1.130  grams  in  weight  in  a  24-honr  fast  with  no  water.  Obser- 
vationa  b^an  24  hours  after  the  last  meal,  and  consequently  corresponded  to 
those  on  the  second  fasting  day. 

Nicholson  (1)  made  observations  on  a  fasting  prisoner  whose  body-weight 
at  the  beginning  was  107}  pounds  and  100}  pounds  on  the  sixth  day,  after 
a  small  portion  of  food  had  been  taken.  According  to  the  statement  of  the 
author,  there  was  absolute  fast  from  the  commencement  np  to  the  fifth  day, 
during  which  period  there  was  a  lose  of  7  pounds  (3.2  kg.).  At  the  end  of  the 
third  day  the  loss  was  5  pounds  or  an  average  loss  of  1.7  pounds  per  day. 
On  the  fourth  day  the  subject  lost  1  pound  and  during  the  fifth  day  the  author 
estimates  that  he  lost  1  pound  although  weighings  were  not  made.  Assuming  « 
lose  of  1  pound  on  the  fifth  day,  there  was  an  average  daily  loss  of  1.4  ponnda 
during  the  period  of  starvation,  the  greatest  loss  appearing  during  the  first 
part  of  the  experiment 

Mtitler*  reports  a  case  of  fasting  caused  by  ^eaophague  etenosis,  in  which 
the  body-weight  on  the  sixth  of  July  was  34.5  kilos,  and  on  the  ninth  of  July 
was  33  kilos.  These  4  days,  which  represented  the  fifth  to  eighth  day  of 
complete  inanition,  resulted,  therefore,  in  the  loss  to  the  body  of  1.5  kg.  The 
body-weight  of  the  subject,  however,  was  much  below  the  normal. 

Schaefer '  reports  the  body  weights  of  a  number  of  insane  persons  who  fasted. 
One  woman  61  years  old,  weighing  about  68  kg.,  fasted  from  March  3  to  March 
8,  but  drank  500  cc.  of  water  per  day.  On  March  6,  the  body-weight  was  63.3 
kg.  and  on  March  7  it  was  63.3  kg.  A  second  case  was  that  of  a  woman 
57  years  old,  weighing  66  kg.,  who  fasted  from  March  19,  drinking  only  a  little 
water  and  clear  cold  coffee.  On  March  23,  the  body-weight  was  49.3  kg'.,  on 
the  24th,  48.8  kg.,  and  on  the  25th,  48  kg. 

Another  instance  was  that  of  a  woman  weiebinjr  41.2  ktr.,  who  fasted 
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The  fourth  case  was  that  of  a  voman  40  years  old.  weighing  45.3  kg.  From 
Angnst  15,  no  water  nor  food  was  taken.  On  August  1?  the  body-weight  was 
38.2  kg.,  and  on  Augnet  19,  36.2  kg. 

The  fifth  subject  was  3S  years  old,  and  weighed  38.5  kg.  No  food  was 
taken  after  September  19,  although  water  was  conanmed  in  amall  quantities. 
On  September  23,  the  body-weight  was  36.1  kg. 

In  the  sixth  instance,  s  woman  20  years  old,  weighing  56  kg.  fasted  from 
October  13  to  18,  taking  neither  food  nor  water.  At  the  end  of  the  fast,  the 
body-weight  was  46.3  kg. 

The  seventh  instance  reported  was  that  of  a  woman  50  years  old,  who 
weighed  38  kg.  at  the  beginning  of  her  fast  From  July  5  to  9,  she  abstained 
completely  from  food  and  water.  At  the  end  of  the  4  days,  the  body-weight 
was  33  kg. 

A  fast  reported  to  have  been  made  by  Tanner  and  lasting  45  days  showed  a 
change  of  body-weight  from  71.7  kg.  at  the  beginning  to  60.0  kilos  at  the  end 
of  25  days.'  During  the  first  16  days,  the  account  states  that  Tanner  pretended 
to  drink  no  water,  though  he  rinsed  his  mouth  with  it  from  time  to  time.  In 
this  period  he  lost  weight  rapidly.  After  the  sixteenth  day,  drinking-water 
was  taken  as  desired  and  it  is  steted  that  he  actually  gained  4^  pounds  in  weight 
during  the  next  4  days,  after  which  time  he  again  commenced  to  lose  weight 
Tablk  184. — Louet  of  body-weigkt  by  fatting  aubjecU. 
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Of  the  longer  fasta  in  which  the  body-weights  were  recorded,  those  of 
Succi,  as  reported  by  Luciani  (4)  and  Ajello  &  Solaro  (6) ;  Jacques,  reported 
by  Pates  &  Stockman  (S) ;  Cetti  and  Breithanpt,  reported  by  Lehmann, 
Mueller,  Munk,  Senator,  and  Zuntz  (7) ;  the  student  J.  A.,  reported  by 


'Cited  by  Paton  «  Stockman  (3).    Britisb  Med.  Jour.  (18S0),  8,  p.  171. 
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Johansson,  Landergren,  S6ndeii,  and  Tigerstedt  (9) ;  and  Sohn,  reported  by 
Hoover  ft  Sollman  (8)  are  of  the  greatest  interest 

In  computing  the  losses  of  weight  in  the  different  experiments  of  earlier 
writers  much  difficulty  was  experienced  because  of  deficiency  of  statement  in 
mtmy  instances  as  to  the  time  of  day  at  which  weights  were  taken,  and  as 

Tuu  ISG.— LOHM  of  tOdtMoeiffht  of  Bucot  and  Jmqmi  in  esperimmtt  withowf  food. 


Paris.       BIil«o.     PlorsDoe.    Naples. 
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(6)  on  the  professional  foster  Succi,  and  the  obeervationa  of  Paton  &  Stockman 
(3)  on  the  faster  Jacques,  vere  continued  for  20  to  30  days.  The  obBeirationa 
cm  the  body-weight  of  Succi,  aside  from  the  question  as  to  the  record  of  the 
exact  beginning  and  end  veighta,  are  very  carefully  recorded.  As  pointed  out 
by  Paton  &  Stockman,  tbe  irregularities  in  the  time  of  voiding  the  urine  make 
the  daily  loasea  in  wei^t  of  their  subject  somewhat  uncertain.  Tbe  daily  losses 
of  body-weight  in  these  longer  fasts  of  Succi  and  Jacques  are  recorded  in 
table  185.    The  percentage  losses  for  the  first  seven  days  are  also  given. 

Aside  from  tbe  longer  experiments  mentioned  above,  a  46-day  fasting 
experiment  with  Succi  is  reported  to  have  token  place  in  New  York  in  1890. 
His  body-weight  is  stated  to  have  fallen  from  147}  pounds  (66.9  kilos)  on 
November  6  to  104|  pounds  (47.6  kg.)  on  December  20.' 

Daiber**  reported  the  losses  in  weight  during  a  20-doy  fast  by  Succi  in  1896. 
The  tobiilor  statement  shows  a  great  regularity  in  the  loss  from  day  to  day. 
The  average  loss  was  490  grams ;  the  initial  weight  was  71.7  kilograms. 

B&nniger  and  Mohr**  give  the  losses  in  weight  of  o  professional  fasting 
woman  during  a  16-day  fast.  The  subject  was  48  years  old,  1.62  meters  high, 
and  weighed  at  the  beginning  of  the  fast  56.3  kilograms.  Tbe  total  loss  in 
weight  was  8.1  kg.,  more  than  half  of  which  was  lost  during  the  first  six  days. 

In  March,  1904,  another  fast  of  31  days  duration  was  made  by  Succi  in 
Hunburg.  Brugsch  (12)  reports  that  during  this  experiment,  Succi  lost  27 
pounds  (13.3  kg.),  the  original  weight  being  157  pounds  (71.4  kg).  This 
corresponds  to  a  total  loss  in  body-weight  of  17.2  per  cent.  During  this  fast 
Succi  drank  regularly  750  cc.  of  carbonated  water  per  day. 

Sohn,  the  hypnotic  subject  of  Hoover  &  Sollman  (8),  lost  in  body-weight 
from  July  15  to  July  23,  5.89  kg.,  the  original  body-weight  being  129  pounds 
(58.6  kg.).  During  the  first  day  and  a  half  no  water  was  tokeiT,  but  obout 
900  cc.  was  furnished  each  day  for  the  rest  of  the  fast,  which  lasted  8  days. 
Tbe  records  of  weighings  for  the  individual  days  were  unsatisfactory  ond  for 
this  reason  only  the  totol  loss  for  the  experiment  is  reported. 

A  summarized  statement  of  tbe  losses  of  body-weight  of  the  subjects  in  the 
fasting  experiments  made  at  Middletown  is  given  in  table  186.  The  losses  in 
weight  in  experiment  No.  K9  were  computed  from  the  balance  of  income  and 
outgo.  With  this  exception  the  weights  were  all  taken  by  means  of  a  special 
platform  scale,  accurate  to  within  2  grams.  Hence  the  weights  ore  recorded 
to  the  third  decimal  place,  and  any  errors  in  the  goina  or  losses  shown  are  not 
due  so  much  to  incorrect  weighings  as  to  lock  of  uniformity  from  day  to  day 
in  the  kind  and  number  of  articles  which  were  weighed  with  the  Bubjecta,  aa 
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t  lii.—Boav-u>e*l>J*tt '  ana  Jottea  of  body-weight  In  meta&olitm  eteperimenU 
toithowt  food. 
[AU  nelghtM  Uken  at  T  k.  m.] 
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An  ingpection  of  the  figures  in  table  186  sbowe  marked  variations  in  the 
losses  of  weight  on  the  first  day.  This  is  tme  not  only  for  difFerent  individuals 
but  also  for  the  same  person  in  different  ezperimenls.  For  example,  S.  A.  B. 
lost  on  the  first  day  of  experiment  No.  71,  1.091  kg.,  vhile  on  the  first  day  of 
ezperim^it  No.  ?5,  he  lost  only  0.044  kg.  The  largest  loss  in  weight  on  the 
first  day  was  in  experiment  No.  80,  amounting  to  1.72fi  kg.  On  the  second  day 
of  fasting,  the  losses  in  weight  are  more  nearly  equal  than  on  tiie  first  day. 
This  is  particularly  true  of  different  experiments  with  the  same  subject, 
althoDgh  it  is  to  be  noted  that  in  experiment  No.  71,  S.  A.  B.  lost  607  grams 
on  the  second  day,  while  in  experiment  No.  77,  he  lost  more  than  twice  as  much. 

In  the  six  experiments  which  lasted  3  days  each,  the  loss  on  the  third  day  is 
comparatively  uniform,  with  the  exception  of  experiment  No.  77.  The  highest 
loss  of  any  third  day,  namely  1.50  kg.,  occurred  in  this  experiment  The  avei^ 
age  lose  for  the  third  day  of  the  other  5  experiments  is  0.644  kg. 

Five  experiments  continued  for  4  days  or  over  and  on  the  fourth  day  the  loss 
ie  quite  constant  in  all  experiments.  The  average,  however,  is  markedly  greater 
than  that  on  the  third  day.  Four  of  the  experiments  were  made  on  the  same 
subject  and  the  variations  in  body  loss  are  much  less  than  on  any  other  day. 

In  two  fasting  experiments  in  which  data  were  obtainable  for  the  fifth  day, 
the  lose  of  weight  was  in  one  case  0.668  kg.  and  in  the  other  0.450  kg. 
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Only  one  of  the  faeting  ezperimeDtfl  continued  for  more  than  5  days.  In  this 
instance  the  loea  of  body-veight  was  0.391  kg.  on  the  sixth  and  0.497  kg. 
on  the  seventh  day. 

While,  therefore,  marked  fluctuations  in  the  loss  of  body-weight  on  the 
first,  second,  and  third  days  of  fasting  are  to  be  noted  in  practically  every 
experiment,  the  lose  on  the  fourth  and  succeeding  dayH  seems  to  be  much  more 
nearly  uniform  and  judging  from  experiments  Nos.  73  and  75,  the  average 
loss  per  day  is  not  far  from  0.57  kg. 
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lierceotasea  thoa  obtained  dtrlded  by  the  number  of  dar*  eonaldered. 

■  BeEtnntnK  welxbt  owumed.    Be«  p.  IT.  ■  Welghti  Include  all  dothlnz. 

■  Welghta   include   underclothing.  •  Welghta  without  clothea.    See  Table  186. 
*  Welsh ta  wlthooi:  clothea. 

The  irregularities  in  variations  in  body-weight  in  these  experiments  are  very 
considerable  but  they  are  by  no  means  so  large  ns  those  observed  in  experim^ts 
with  Succi  and  Jacques.  (See  table  185.)  On  some  of  the  days  in  the  long 
fasts  with  these  men  actual  gains  in  body-weight  have  been  recorded. 

The  most  noticeable  instance  of  a  gain  in  weight  is  in  that  imperfectly 
reported  experiment  of  Tanner  in  which  it  is  stated  that  after  having  fasted 
for  16  days  without  water  an  actual  gain  of  4^  pounds  followed  the  ingestion 
of  water.    In  none  of  the  fasting  experiments  reported  here  (table  186)  wag 
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there  an  &cttial  gain  in  weight  on  any  day.  There  was,  however,  a  minimiun 
loBs  of  44  grams  on  the  first  day  of  experiment  No.  75. 

A  nomber  of  the  earlier  experimenteta  have  computed  the  per  cent  of  loss 
of  weight  from  day  to  day  in  fasting  experiments,  by  dividing  the  loss  for 
each  day  by  the  oorreaponding  body-weight.  Fnfortnnately  it  ia  uncertain  in 
several  instances  whether  the  initial  body-weight  for  the  day,  the  wei^t 
at  the  end  of  the  day,  or  the  average  weight  for  the  day  was  used. 

Using  the  data  of  body-weights,  the  per  cent  of  loss  has  been  computed  in 
snch  a  manner  that  all  the  experiments  are  comparable.  The  losses  in  tenns 
of  per  cent  for  the  earlier  experiments  are  recorded  in  tablee  184  and  185  above, 
and  for  the  Middletown  experiments  in  table  187.  No  percentages  are  given 
beyond  the  seventh  day  of  the  different  fasta. 


Nqplea. 


First  dav... 
Secondary. 
Third  di?. . . 
Fourth  dky. 
Fifth  day... 
Sixth  day... 
Seventh  day 


5.71 
6.35 
7.94 
8.89 
9.37 
9.52 


Ptrit. 

2.63 


'6.37 
6.32 
7.36 


2. S3 
4.72 
5.98 


4.48 
•4.47 
4.89 
6.90 
'5.68 


r8.oE^' 


First  day. 


day.. . 

Third  day 

Fourth  day. . . 

F«thd«y 

ffixthday 

Seventh  day. , 


2.40 
3.76 
4.87 


0.97 
2.61 
4.51 
6.13 
7.72 
8.16 
'8.16 


4.83 
6.16 
6.03 


Fwtt. 

0.76 
3.02 
4.29 
6.31 


*  No  loaa  the  laTentn  dar. 
■Subject  ate  Uila  dar   84  craini  breafl 
and  3B.S  paiiiB  ngar  and  drank  200  gtmm* 


iBetlonlns  weight  ot  Mcimd  daj  i 
In  caieolatlDDi. 

•  Subject  gained  Id  weWt 

'  Bnbject   not   weighed    at  beilnnlns   u  ixm, 

elgbth  dar. 

The  cumulative  loea  in  weight  as  the  fast  progresses  expressed  in  per  cent 
of  the  original  weight,  has  frequently  been  used  by  others  in  discussing  the  loss 
in  body-weight  during  fasting.  Hence  the  total  loss  at  the  end  of  each  day 
expressed  in  per  cent  of  the  initial  body-weight  is  given  for  the  earlier 
experiments  in  table  188.  Similar  computations  for  the  Middletown  experi- 
ments are  shown  in  table  189. 
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While  Falck*  in  his  work  on  dogs  and  later  Lnciani  (4)  in  reporting  his 
experiment  with  Succi  have  considered  at  length  the  possibilities  of  a  math- 
ematical relation  between  the  lose  in  weight  and  the  length  of  the  fast  it  is 
clear  that  at  least  eo  far  as  experiments  on  man  are  concerned,  when  accurate 
records  of  bodj-weight  are  made  and  compntations  of  the  percentage  lose  per 
day  are  recorded,  very  little  regularity  in  the  losses  in  weight  appears.  The 
lose  in  weight  is  affected  not  only  by  variations  in  the  weight  of  nrine. 


flratdav. . . 
Second  day. 
Third  day... 
Fourth  day. 
rath  day... 
ffirthdt^... 
Seventh  day. 


4.S6 
5.87 
7.00 


TO.' 

ST.3E. 


C.  B.Y. 


H.C.  E. 


H.  B.  D. 


N.  y.  p. 


■Wtlglita  InclaM  underclothliv. 


■Weight!  wltboat  clothe*. 

'  WeEgbte  inclade  all  clothing, 

•  Weights  without  clothes. 


water  of  respiration  and  perspiration,  and  carbon  dioxide,  but  also  by  the  water 
ingested.  Furthermore,  it  is  highly  probable  that  temperature,  muscular 
activity,  state  of  bodily  condition  and  other  more  or  less  obscure  factors  all 
contribute  toward  the  balance  between  income  and  outgo  in  such  a  manner  as 
to  cause  the  marked  fluctuations  in  body-weight  appearing  on  different  days. 
Hence  it  is  obvious  that  loeees  in  body-weight  in  experiments  of  but  few  days 
duration  are  wholly  without  significance. 

With  r^ard  to  the  total  cumulative  loss  aa  the  experiment  progresses,  it 
appears  that  in  the  long  experiments  of  Succi  the  loea  bears  in  general  a  direct 
ratio  to  the  length  of  the  experiment 

'BeltrSge  t.  Physiol.,  Hyg.,  Ptaarm.  a.  Toxikol.  (1876). 
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BODY  TEMPERATURE. 

Since  mnficnlar  activity  hae  a  very  pronounced  and  immediate  effect  on 
tiie  body  temperature,  experiments  during  fasting  when  the  internal  muscular 
activity  due  to  peristalsis  is  at  a  minimum  are  of  especial  interest.  In  eon- 
nection  with  the  earlier  fasting  experimente  made  in  this  laboratory,'  obeer- 
vationg  regarding  body  temperature  were  made  and  in  some  instances  curves 
were  drawn  showing  the  body  temperature  for  34  hours.  These  curves  together 
with  a  large  number  of  other  curves  of  body  temperature  were  publiehed 
accompanied  by  a  special  discussion  of  the  fluctuations  in  body  temperature." 

The  most  noticeable  eSect  of  fasting  on  the  normal  body  temperature  curve 
seems  to  be  a  flattening  of  the  curve  during  the  waking  hours,  although  in  the 
few  experiments  made,  the  evening  fall  especially  after  retiring  and  the  early 
morning  rise  were,  if  anything,  more  marked  than  the  normal  temperature 
fluctuations  at  the  same  hours.  The  night  curves  for  a  number  of  fast  days 
were  also  studied,  and  the  general  conclusion  was  that  fasting  results  in  a 
slight  lowering  of  the  average  body  temperature,  amounting,  however,  to  but 
a  few  tenths  of  a  degree.  This  is  in  harmony  with  the  observations  of 
Jnrgensen  "  who,  not  only  flnds  the  average  body  temperature  somewhat  lower 
during  fast,  but  also  notes  a  smaller  amplitude  of  the  daily  curve. 

Although  no  temperature  obseiTations  were  recorded  hy  Nicholson  (1)  he 
states  that  there  was  no  fever  during  the  fast  of  the  prisoner  under  his  care. 

In  the  fast  made  by  Tanner,"  no  fall  in  temperature  was  noticed.  The  tem- 
perature taken  in  the  mouth  was  36.9°  on  the  25th  day  and  Sy.!"  on  the  30th 
day.  As  has  been  pointed  out  previously,  this  fast  was  very  imperfectly 
reported  and  its  authenticity  is  somewhat  in  doubt. 

Noyee  "  observed  a  temperature  of  34.4°  in  an  insane  man  who  had  consumed 
no  food  for  45  days.  Pembrey  "  points  out  in  commenting  on  this,  that  this 
subject  was  paralyzed  in  the  lower  limbs. 

In  the  report  of  the  observations  made  by  Schaefer  "  on  the  fasting  insane 
it  is  stated  that  the  body  temperature  was  normal  in  all  cases. 

Paton  &;  Stockmann  (3)  record  that  during  the  fast  of  Jacques  his  temper- 
ature was  invariably  subnormal  ranging  from  35.6°  to  34.1°  C.  During  a  alight 
attack  of  gout,  on  the  16th  day,  the  temperature  ranged  from  36.0°  to  36.6°. 

Ihiring  the  fasting  experiment  vrith  Cetti  (7)  in  Berlin,  the  temperature 
obaervatious  vrere  made  in  the  axilla  twice  a  day.  One  observation  is  recorded 
<m  the  day  preceding  the  fast  and  one  on  the  following  food  day.  The  average 
body  temperature  for  the  10  fasting  days  is  36.7°,  which  is,  however,  somewhat 
higher  than  the  observations  made  before  and  after  the  experiment 

•V.  B.  Dept  of  Agric,  Office  of  Bxpt.  Sta.  Bui.  138  (1903). 

"Benedict  «  Snell.    Archlv  t.  d.  gee.  PI17BI0I.  (190S),  90,  p.  33. 

"  Die  Kitrperw&rme  dee  Oesunden  Menechen,  Lelpalc,  1873. 

"British  Medical  Joum.,  London  (ISSO),  2,  p.  171. 

"BrltiBh  Medical  Journal,  London  (18S0),  2,  p.  657. 

"  Schaefer'e  Phi'siology.  I,  P-  810. 

"Allgem.  Zelt.  f.  PBrchlatrie  (1S9T),  63,  p.  525. 
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With  Breithaupt,  the  second  rabject  of  the  Berlin  ezperimeots  (7)  the 
temperature  was  taken,  presumably  in  the  axilla,  morning  and  eTening.  No 
records  were  shown  for  the  day  with  food  preceding  the  fast,  but  temperature 
records  were  given  for  the  first  food  day  after  the  fast  The  tendency  for  the 
temperature  to  decrease  slowly  as  the  fast  progresses  is  noted,  but  after  the 
resumption  of  the  ingestion  of  food  it  was  not  overcome. 

The  body  temperature  of  the  subject  J.  A.  (9)  was  taken  every  2  hours 
daring  the  waking  period.  This  is  true  for  both  the  fasting  and  the  food 
periods.  The  average  temperature  for  the  3  days  with  food  was  37.39°,  while 
the  average  temperature  of  5  days  fasting  was  37.23°.  The  average  daily 
temperatures  of  the  B-d&y  fast  were  37.20°,  37.27°,  37.22°,  37.13°,  and 
37.23°,  respectively. 

Body  temperature  obBervations  were  made  by  Hoover  and  Sollman  (8)  on 
their  hypnotic  subject  during  the  8  days  of  the  experiment  It  was  not  stated 
how  the  observations  were  made.  A  slight  tendeicy  for  the  average  temper- 
atures to  fall  as  the  fast  progressed  is  noticeable  and  in  general  the  evening 
fall  and  morning  rise  are  readily  recognized  on  the  temperature  curve.  The 
average  temperatures  for  the  succeeding  days  of  the  fast  were :  36.6°,  36.8°, 
36.7°,  36.6°,  36.3°,  36.4%  36.3°,  36.2°. 

In  only  one  of  the  longer  fasts  made  by  Socci  were  the  temperature  fiuctua- 
tions  accnrately  observed  and  recorded.  Lnciani  (4),  in  the  Florence  fast, 
made  temperature  observations  in  the  left  axilla  throughout  the  fast.  The 
highest  temperature  recorded  was  on  the  23d  day,  37.25°.  The  lowest  temper- 
ature was  on  the  seventh  day,  36.2°.  Ko  tendency  for  the  temperature  te  fall 
as  the  fast  pn^^essed  was  observed. 

The  newspaper  report  of  the  medical  buUetiD  issued  by  the  attending 
physicians  on  the  45th  day  of  the  uncertain  New  York  fast  states  that  the 
temperature  was  normal  No  temperature  records  of  this  fast  have  been 
published. 

In  considering  many  of  the  earlier  temperature  observations  on  fasting 
subjects  it  is  extremely  difficult  to  give  suiteble  value  te  the  different  obser- 
vations owing  to  the  fact  that  little  regularity  is  exhibited  by  different 
observers  as  regards  the  method  of  taking  body  temperatures.  It  is  of  very 
great  importance  te  know  whether  the  temperature  was  taken  in  the  mouth, 
axilla,  or  rectum.  Unfortunately,  in  many  of  the  cases  recorded,  the  normal 
body  temperatures  of  the  subjects,  1.  e.,  when  subsisting  on  an  ordinary  diet. 


d  by  Google 


Body  Tbicpbratdbb.  313 

In  a  few  instances  the  temperatnre  obserrations  vere  taken  by  clinical 
thennometers,  in  whicb  case  they  are  noted  in  table  190,  and  in  no  cases  are 
they  included  in  the  averages.  The  temperature  measnrementa  are  based 
npon  the  absolute  international  hydrogen  thermometer  scale. 

In  the  majority  of  ezperimenta  here  reported,  temperature  observations  by 
means  of  the  rectal  thermometer  were  continnonsly  obtained.  Contrary  to 
the  experience  of  practically  all  the  fasting  anabjects,  S.  A.  B.,  the  subject  of 
the  longer  experiments,  was  extremely  uncomfortable  when  wearing  the  rectal 
thermometer.  Unfortunately,  therefore,  the  records  during  the  longer  fasts 
were  but  imperfectly  taken. 

For  the  specific  purpose  of  determining  the  total  heat  production,  the  body 
temperature  at  the  end  of  each  experimental  period  is  of  especial  importance. 
Beserring  for  discussion  in  another  publication  the  temperature  fluctuations 
from  hour  to  hour  and  from  m.iiiute  to  minute,  only  tiie  actual  temperature 
observations  at  the  end  of  each  experimental  period  are  recorded  in  this  place. 
The  results  are  presented  in  table  190,  and  for  purposes  of  comparison  the  few 
observations  made  during  experiments  with  food  are  also  given. 

Under  normal  conditions  ibe  maximum  temperature  occurs  late  in  the 
afternoon.  The  temperature  then  falls  rapidly  during  the  evening  and  reaches 
the  minimum  between  3  and  5  o'clock  in  the  morning,  after  which  it  rises 
rapidly  for  2  or  3  hours."  The  results  obtained  during  the  fasting  experiments 
here  reported  show  that  even  during  fasting  the  body  temperature  generally 
follows  the  normal  course.  While  the  difterence  betweoi  the  fninimTi"^  and 
maximum  temperature  for  the  day  with  normal  individuals  with  food  is  about 
1°  C,  in  the  majority  of  the  fasting  experiments  here  reported  this  amplitude 
is  very  much  leas,"  The  average  difference  for  all  Middletown  fasting  experi- 
ments is  not  far  from  0.5  degree.  This  is  wholly  in  accord  with  the  obser- 
vations noted  previously  in  this  laboratory.  The  general  effect  of  fasting  on 
the  absolute  body  temperature  can  best  be  studied  in  the  longer  fasting 
experiments,  for  if  the  contention  is  made  tiiat  as  the  fast  progresses  there  is 
a  tendency  for  the  body  temperature  to  fall,  this  should  be  especially  notice- 
able in  fasts  of  long  duration.  An  examination  of  the  average  temperatures 
for  the  day  shows  that  there  is  no  such  tendency  exhibited  during  the  experi- 
ments here  reported,  although  the  verification  of  the  statement  is  not  easy 
ovring  to  deficient  data.  It  is  clear,  however,  that  in  experiments  of  7  days 
or  leas  there  is  no  indication  that  fasting  lowers  body  temperature.  This  is 
in  agreement  with  the  observations  made  by  Paton  and  Stockman  (3)  on 

■^Benedict  *  Snell.    Loc.  cit   ^  ^ 
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Taiu  IV).— Body  temperature  by  rectal  thermometer — Continued. 
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Jacques,  and  Ludani  (4)  and  Baiber  **  on  Sncci,  but  cootrary  to  the  conclusion 
drawn  by  HooTer  &  Sollman  (8),  Senator  &  Maeller  (7)  studying  Breithanpt, 
Jurgenseo,  and  Benedict  &  Snell.' 

Upon  the  ingestion  of  food  after  fasting,  the  body  temperature  tends  to  rise. 
This  rise  is  evident  in  all  the  experiments  with  food  here  reported,  but  is 
particularly  noticeable  in  experiment  No.  70,  where  the  rise  is  continuous  for 
the  three  days  of  the  experiment. 

It  is  obvious,  however,  that  the  average  temperature  for  the  third  day  (38.22° 
C.)  indicates  a  febrile  condition  and  hence  the  temperature  observation  for  this 
day  can  not  be  considered  normal.  In  experiment  No.  76,  the  average  tempera- 
tures are  likewise  slightly  above  those  of  experiment  No.  75,  although  it  is 
evident  that  the  defective  method  of  averaging  in  both  eeries  of  experiments 
might  readily  account  for  this  difference. 

The  observationa  given  in  table  190  indicate  that  during  short  fasts  no 
noticeable  disturbances  between  thermogenesis  and  thermolysis  can  be  observed. 
They  are  furthermore  of  specific  value  in  furnishing  data  for  computing  the 
total  heat  production  according  to  the  formula  discussed  on  page  49. 

PULSE  RATE. 

As  an  index  of  the  variations  in  the  degree  of  muscular  activity  the  pulse 
rate  is  of  great  value.  Even  in  experiments  where  the  external  muscular 
activity  is  reduced  to  a  minimum  the  pulse  rate  may  be  of  greatest  service  in 
furnishing  a  clue  to  the  degree  of  internal  muscular  activity,  muscular  tonus, 
etc.  The  heat  production,  carbon  dioxide  elimination,  and  oxygen  consumption 
vary  within  wide  limits  from  experiment  to  experiment,  and  indeed  from  day 
to  day  of  the  same  experiment.  It  therefore  becomes  very  important  to  secure 
alt  possible  data  regarding  the  intensity  of  metabolism  for  the  fullest  under- 
standing of  the  phenomena  of  fasting.  It  ia  for  this  reason  probably  that 
in  some  of  the  earlier  fasting  experiments  on  record  we  find  more  or  less 
complete  observations  regarding  the  pulse  rate. 

lie  oldest  observation  on  the  pulse  rate  during  fasting  ia  that  of  Nicholson 
(1),  who,  without  giving  any  exact  data,  states  t^at  the  heart  sounds  of  the 
fasting  prisoner  under  his  care  became  rather  faint  and  the  pulse  soft  and 
slow. 

Luciani  (4)  took  Succi's  pulse  twice  each  day.  The  subject  was  resting 
quietly  in  bed,  save  on  one  occasion  when  he  had  returned  from  an  evening  visit 
with  friends.  The  pulse  remained,  in  practically  alt  cases,  between  the  limits 
of  54  and  70  beats  per  minute.  On  the  occasion  referred  to  abore  the  pulse 
had  risen  to  85.     No  decrease  was  noted  as  the  fast  progressed. 
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Taried  from  47  to  66.  Other  obsetvatioiis  made  on  these  two  fasten  in  con- 
nection witb  the  research  showed  an  nnusnal  imtabili^  of  the  heart.  On  one 
occasion  Cetti's  pnlse  rose  from  80  to  104  when  he  rose  from  his  conch  and  eat 
np.  Breithanpt  showed  likewise  an  nnosnal  irritability  of  the  heart  while 
doing  email  amonnts  of  mnscnlar  work.  These  obeervations  are  in  accord  with 
the  one  obeerration  made  b;  Luciani  (4),  in  which  the  increase  in  pulse  rate 
after  a  short  mu  was  much  greater  with  Sued  than  with  several  well-fed 
assistants  with  the  same  exercise. 

No  increase  of  Cetti's  pnlse  was  observed  with  resomed  feeding,  bnt  a  marked 
increase  occurred  in  the  case  of  Breithanpt  on  the  first  da;  after  the  fast. 

The  subject  "  J.  A."  (8)  in  the  Stockholm  laboratory  took  his  pnlse  rate 
every  two  honre  while  he  wae  awake.  The  lowest  recorded  rate  was  62  and  tiie 
highest  92.  The  average  rates  for  the  five  days  of  the  fast  were  70.1,  70.3,  75.6, 
71.1,  and  70.4. 

On  the  2  daya  with  food  following  the  fast  the  average  pnlse  rate  was  80.3 
and  78.8,  noticeably  higher  than  during  the  fast. 

Hoover  &  Sollman  (8)  have  reported  the  most  elaborate  series  of  obser- 
vations on  the  pulse  rate  during  fasting  thus  far  recorded.  The  pulse  was 
taken  every  2  hours  during  an  8-day  fast  in  hypnotic  sleep.  The  pulse  was 
hi^eet  at  the  time  when  the  subject  was  awakened  from  his  sleep,  when  a 
rate  of  79  was  observed.  The  nearest  approach  to  this  maximum  was  found 
on  an  occasion  when  the  enbject  awoke,  arose  from  the  bed,  and  went  to  a  water 
tank  and  drank  several  cups  of  water.  At  that  time  the  pnlse  rose  to  72. 
On  no  other  occasion  did  the  pnlse  rate  rise  above  68,  and  a  minimum  of  36 
was  reached.  The  average  pulse  for  the  8  days  was  62,  56,  48,  46,  47,  44,  43, 
and  46.  The  authors,  however,  point  out  that  the  pnlse  rate  of  their  subject 
can  hardly  be  considered  as  indicative  of  the  normal  since  a  low  rate  was 
maintained  by  command  of  the  hypnotist. 

Paton  &  Stockman  (3)  state  that  the  pulse  of  their  subject  Jacques  averaged 
from  60  to  60  beats  per  minute.  No  data  regarding  the  variations  in  the 
average  rate  as  the  fast  progressed  are  given. 

In  the  first  experiments  made  in  this  laboratory,  the  pulse  rates  were  taken 
by  ihe  subjects  themselves.  The  number  of  beats  was  counted  for  2  minutes, 
and  the  average  accepted  as  the  true  count.  In  connection  with  the  statistics 
of  each  experiment  in  which  the  pnlse  was  counted,  records  of  pulse  rate  as 
taken  by  the  subject  are  given.  In  the  later  experiments,  the  pulse  rates  were 
obtained  by  means  of  the  Fitz  pneumograph,  and  recorded  by  an  assistant 
outside  the  respiration  chamber.  By  this  means  it  was  possible  to  secure  data 
regarding  the  pulee  at  any  time  of  the  day  or  night. 

Marked  variations  in  the  pulse  rate  during  different  fasting  days  may  be 
noted  in  many  of  the  experiments.  With  the  subject  B.  F.  D.  in  experiment 
No.  69,  the  pnlse  rate  rose  gradually  throughout  the  3  days  of  the  fast    In 
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experiment  No.  68,  no  records  of  the  pnlse  were  made.  Bnt  two  records  per 
day  were  made  in  experiment  Mo.  69,  and  these  showed  general  nniformitj  of 
the  pulse  rate  from  day  to  day,  although  the  rate  was  somewhat  higher  on  the 
last  day  than  on  the  firet  In  the  food  experiment  No.  70,  immediately  follow- 
ing fasting  experiment  No.  69,  only  two  observations  were  made,  both  on  the 
second  day.  The  two  records  show  an  increase  of  about  25  beats  per  minute 
over  those  of  experiment  No.  69.  The  pulse  rates  were  taken  more  frequently 
in  the  series  of  experiments  with  S.  A.  B.  than  in  Nos.  69  and  70.  In  experi- 
ment No.  71,  the  rate  steadily  diminished  during  the  four  days  of  the  fast 
During  the  following  day  (experiment  No.  72)  food  was  ingested  and  there 
was  a  noticeable  increase  over  the  rate  of  the  previous  day. 

Id  experiment  No.  73  the  pulse  rate  continually  decreased  on  each  of  the 
5  days  of  the  fast.  After  the  ingestion  of  food  (experiment  No.  74)  the 
pulse  rate  increased  materially  on  the  first  day,  fell  oS  slightly  on  the  second, 
and  on  the  third  day  regained  the  rate  of  the  first 

In  the  7-day  experiment  (No.  75)  the  pulse  increased  on  the  second  day, 
but  continually  diminished  on  the  succeeding  6  days  of  the  experiment.  After 
the  ingestion  of  food  (experiment  No.  76)  the  pulse  increased  materially  and 
was  highest  on  the  third  day.  Contrary  to  previous  experience  with  this 
subject,  in  experiment  No.  77,  the  pulse  rate  ste&dily  increased  for  the  4 
days  of  the  fast,  being  highest  on  the  last  day. 

In  the  series  of  S-day  experiments  with  different  subjects,  in  all  except 
experiment  No.  89  the  pulse  rate  increased  on  the  second  day.  The  rate 
during  this  last  experiment  remained  abont  the  same  on  both  days.  The  poise 
rate  was  usually  lower  during  the  night  than  during  the  day.  Excepting  the 
observations  during  the  day  itself,  and  comparing  only  those  during  the  night 
it  is  seen  that  the  pulse  rat«  steadily  increased  dtiring  the  3  nights  "  of  the 
experiments.  In  a  few  instances  the  records  for  pulse  rate  are  defective  during 
the  preliminary  nights  and  hence  these  can  not  be  compared.  But  the  increase 
of  pulse  on  the  3  nights  is  strikingly  evident  in  experiments  Nos.  80,  82,  83, 
and  85,  though  it  remained  practically  the  same  on  all  3  nights  of  experiment 
No.  89. 

An  examination  of  the  records  for  each  experiment  shows  marked,  and 
frequently,  sudden  changes  in  the  pulse  rate.  In  the  large  majority  of 
instances  the  sudden  increases  in  pulse  can  be  accounted  for  by  some  body 
movement  immediately  preceding  them,  such  as  going  to  the  food  aperture, 
taking  the  strength  tests,  or  changing  from  the  reclining  to  the  sitting  or 
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here  Bome  examples  of  that  increasing  irritability  of  the  heart  observed  in 
Sncci  (4)  and  Cetti  (7)  during  their  longer  fasta.  In  all  cases  sudden 
changes  in  muscular  activity,  even  though  slight,  noticeably  affected  the  rate. 

It  should  he  noted  that  there  vas  an  increase  in  the  pulse  rate  in  all  experi- 
ments in  which  food  was  ingested. 
The  relation  between  pulee  rate  and  internal  mnscular  work  is  more  fully 
discussed  in  a  succeeding  paragraph,"  where  it  is  pointed  out  that  the  pulse 
rate  is  a  remarkably  good  index  of  the  degree  of  internal  muscular  activity. 
This  is  especially  true  when  comparing  different  days  of  the  same  experiment 
with  the  same  eubject  It  still  remains  a  fact,  however,  that  some  subjects, 
notably  A.  H.  M.  (experiment  No.  81),  have  an  unusually  low  pulse  rate,  while 
others,  as  for  example,  S.  A.  B.  (experiment  No.  77),  have  a  very  much 
higher  pulse,  although  it  should  be  bome  in  mind  that  all  the  subjecta  were 
living  under  conditions  assuring  approximately  the  same  muscular  activity. 

The  study  of  the  pulse  rate,  especially  with  the  Fitz  pneumograph,  shows 
marked  variations  when  the  sleeping  and  waking  hours  are  compared.  But  as 
this  study  of  the  pulse  rate  was  only  secondary  to  the  securing  of  the  heat 
measurements  and  of  chemical  data,  the  records  are  not  sufficiently  complete 
to  permit  careful  consideration  of  the  fluctuations  in  pulse  rate  from  hour  to 
hour  and  day  to  day.  In  subsequent  experiments  it  ia  hoped  tliat  observations 
may  be  taken  at  sufficiently  frequent  intervals  to  show  the  relationship  between 
the  pulse  rate,  respiration  rate,  and  body  temperature,  and  thus  permit  of  a 
strict  comparison  of  the  three  factors. 

An  examination  of  the  changes  in  the  pulse  rate  as  the  experiment  progresses 
shows  that  in  the  longer  experiments,  especially  those  with  S.  A.  B.,  the  pulse 
rate  almost  invariably  decreased  as  the  fast  progressed.  In  the  majority  of  the 
short  experiments  on  the  contrary,  the  pulse  rate  was  greatest  on  the  second 
day  of  the  experiment  From  the  observations  during  the  3  nights  the 
deduction  may  he  made  that  there  was  a  marked  tendency  for  the  rate  to 
increase  from  day  to  day. 

The  pulse  rates,  then,  are  of  specific  value  in  this  dincussion  only  as 
indicating  the  varying  degrees  of  mnscular  activi^  on  the  different  days  of  the 
same  experiment. 

There  was  no  opportunity  to  study  the  character  of  the  pulse  in  the  experi- 
ments made  in  this  laboratory  other  tlian  the  occasional  observations  of  the 
attending  physician. 

"Se«  p.  487. 
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RATE  OF  RESPIRATION. 

The  well-known  effect  of  muscnlar  work  in  increafing  the  rate  of  respiration 
makes  records  of  this  factor  of  importance  in  fasting  experiments  as  a  further 
index  to  the  degree  of  internal  muscnlar  work.  In  several  of  the  earlier  fasts 
the  respiration  rate  was  observed. 

Lnciani  (4)  foiind  with  Sncci  a  respiration  rate  of  frcon  16  to  26  per  minute. 
The  average  rate  for  the  last  week  of  the  fast  was  18  per  minute. 

In  connection  with  the  numerous  experiments  on  Getti  and  Breithaupt  to 
determine  the  respiratory  exchange,  Lehtnann  &  Znntz  (7)  had  occasion  to 
record  the  rate  of  respiration.  It  should  be  said,  however,  that  the  subject 
was  in  all  cases  breathing  through  the  mouthpiece  of  the  Zuntz-Geppert 
respiration  apparatus,  and  hence  the  rate  ma;  not  have  been  normal.  The 
avera^  raie  per  minute  for  Cetti  observed  during  the  respiration  experiments 
on  the  ten  fasting  days  was  13.1,  14.1,  13.3,  14.6,  16.4,  16.2,  17.3,  17.6,  16.3, 
16.7.  On  the  second  food  day  the  average  rate  was  13.05  per  minute.  Fifteen 
days  after  the  end  of  tiie  fast  the  average  rate  was  13.1  per  minute. 

Observations  were  made  with  Breithaupt  during  both  work  and  rest  The 
data  were  obtained  as  with  Cetti  during  the  progress  of  a  respiration  experi- 
ment with  the  Zuntz-Geppert  respiration  apparatus.  The  rates  of  respiratian 
when  at  rest  for  the  6  days  of  the  fast  were:  19.2,  19.0,  20.4,  22.8,  26.3,  22.2 
per  minute,  reepecUvely.  The  average  for  the  2  days  with  food  before  the 
fast  was  17.9  per  minute,  for  the  fasting  period  21.5  per  minute,  and  for  the  2 
days  with  food  following  the  fast  23.6  per  minute.  Similar  flnctuationg  were 
observed  in  the  respiration  rate  during  muscular  work. 

Faton  and  Stockman  (3)  stete  that  daring  his  30-day  fast  Jacques's  re»- 
piration  rate  varied  from  23  to  30  per  minute. 

In  all  the  experimente  cited  above,  the  respiration  rate  was  recorded  only 
during  the  waking  hours.  In  ttie  8-day  experiment  vrith  Sobn,  Hoover  & 
Sollman  (8)  recorded  the  respiration  every  hour.  The  average  rate  per 
minute  for  each  day  was  found  to  be  18,  26,  20,  19,  19, 18, 17,  20,  respectively. 
The  lowest  rate  was  13,  the  highest  45  per  minute.  In  general  it  was  lowest 
during  the  night,  although  the  subject  was  in  a  hypnotic  sleep  during  the 
whole  time  of  the  study. 

For  all  the  Middletown  experiments  prior  to  No.  79,  no  data  are  available 
regarding  the  respiration  rate.  Several  futile  attempts  were  made  to  secure 
respiration  rates  from  time  to  time,  but  it  was  not  until  the  Fitz  pneumograph 
was  used  that  any  satisfactory  data  could  be  obtained. 

In  experiment  No.  79  the  average  number  of  respirations  per  minute  during 
the  preliminary  night  was  12.  During  the  first  day,  from  7  a.  m.  to  11  p.  m., 
while  the  subject  was  awake  the  rate  was  not  far  from  18.  This  high  rate 
continued  throughout  the  night  and  the  next  forenoon,  increasing  during  the 
becond  day  and  decreasing  only  very  slightly  during  the  last  night.    On  the 
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whole,  then,  there  was  a  marked  tendency  for  the  reepiratioa  rate  to  increase 
as  the  experiment  continued.  The  usual  rate  daring  the  preliminary  night 
of  experiment  No.  80  was  14  per  minute  rising  somewhat  (17)  in  the  fore- 
noon of  the  next  day.  In  the  afternoon  the  respiration  was  irregular  (13 
to  20)  and  during  the  night  of  October  27-38  it  was  noticeably  higher  than 
dnring  the  preceding  night. 

On  the  second  day  of  the  experiment  the  rate  was  slighUy  higher  than  on 
the  first  day,  while  on  the  laat  night  the  rate  was  practically  the  same  as  during 
the  preceding  night.  The  respiration  rate  therefore  showed  a  distinct  tendency 
to  increase  as  the  fast  progressed. 

la  experiment  No.  81  the  respiration  rate  during  the  preliminary  night 
was  about  13.  On  awaking  it  increased  to  17,  but  did  not  materially  quicken 
during  the  day.  While  the  subject  was  asleep  during  the  day  the  rate  was 
CTen  less  than  that  of  the  night  On  the  second  night  in  the  chamber  (first 
night  of  the  experiment  proper)  the  rate  was  about  14  per  minute.  It  was 
perceptibly  higher  on  the  whole  throughout  the  second  day  and  higher  also 
during  the  laat  night.  Here  also  there  was  a  tendency  for  the  rate  to  increase 
as  the  experiment  progressed. 

The  respiration  rate  on  the  first  preliminary  night  of  experiment  No.  83  was 
17  per  minute.  During  the  day  it  increased  to  an  average  of  about  30,  falling 
off  in  the  evening  and  remaining  at  about  16  to  19  during  the  night  On  the 
second  day  of  the  experiment  proper  the  average  respiration  rate  was  about  20, 
falling  off  somewhat  during  the  evening,  although  rising  again  during  the  last 
2  hours  of  the  experiment  to  20.  There  was  therefore  a  slight  tendency  for  the 
respiration  rate  to  increase  on  the  second  day  of  the  experiment,  and  there 
was  a  noticeable  rise  in  the  morning  just  before  awaking. 

In  experiment  No.  8fi  the  respiration  rate  during  the  last  part  of  the  first 
night  averaged  12.  It  remained  about  the  aams  dnring  the  next  day,  but 
increased  shghtly  in  the  latter  part  of  the  afternoon.  During  the  entire 
remainder  of  the  experiment  the  respiration  rate  remained  singularly  constant 
and  the  differences  usually  observed  between  night  and  day  almost  disappeared. 

In  experiment  No.  89  the  rate  during  the  preliminary  night  was  16.  During 
the  following  day  it  rose  to  19,  falling  off  in  the  evening  to  16.  During  the 
second  day  the  rate  was  unusually  low  for  this  sabject  during  the  forenoon, 
but  rose  to  31  at  2  o'clock,  and  during  the  2  hours,  from  6"  30"  p.  m.  to  8"  30" 
p.  m.,  remained  at  about  31  or  32.  During  the  last  night  the  rate  remained 
practically  uniform  at  1$  per  minute. 

While  recorded  with  considerable  frequency  and  hence  of  great  value  as 
supplementing  the  data  furnished  by  the  pulse  rate  for  estimating  the  amount 
of  internal  muscular  work,  nevertheless  the  respiration  rate  was  not  studied 
with  sofQcient  accuracy  to  enable  special  conclusions  to  be  drawn  from  it. 
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It  is  farther  of  interest  to  compare  the  ratios  between  the  respiration  rate 
and  poise  rate  in  the  series  of  Z-d&j  fasting  experiments.  While  vith  normal 
individnals  the  pnlse  rate  is  nsnally  4.5  times  that  of  the  respiration,  here  very 
wide  variations  in  this  ratio  occur  from  day  to  day  and  indeed  from  honr  to 
hour.  Inspection  of  the  data  confirms  the  belief  that  at  least  during  the  first 
S  days  of  fast  the  poise  rate  is  mnch  more  liable  to  fluctoatioiis  than  the 
respiration  rate. 

BLOOD. 

In  many  of  the  earlier  fasting  experiments,  both  with  animals  and  with 
men,  examinations  of  the  blood,  chemical  and  microscopical,  were  included 
in  the  rontine  of  the  investigation.  Unfortunately  almost  all  of  the  chemical 
work,  when  viewed  from  the  standpoint  of  the  present  knowledge  of  the 
chemistry  of  the  blood,  is  extremely  unsatisfactory,  and  it  is  greatly  to  be 
T^retted  that  the  microscopical  examination  of  the  blood  was  not  carried 
out  in  all  cases  by  methods  that  are  free  from  criticism.  Although  miero- 
scopic  examination  is  a  phase  of  investigation  distinctly  outside  the  sphere 
of  the  ordinary  chemical  laboratory,  it  was  possible  in  some  of  the  experiments 
here  reported  to  make  such  examinations  of  the  blood,  although  with  by  no 
means  the  completeness  that  could  be  desired.  Such  information  as  was 
obtained  la  accordingly  here  presented  and  the  question  of  the  influence  of 
inanition  upon  the  composition  of  tiie  blood  discussed. 

Luciani,  in  1890,  made  an  examination  of  the  blood  of  Sued  every  third 
day  during  the  30-day  fast  at  Florence.  The  erythrocytes  and  leucocytes 
were  counted  and  the  relative  amount  of  hemoglobin  determined.  The  results 
are  expressed  in  the  form  of  a  curve." 

The  erythrocytes  showed  fluctuations  during  the  fast,  with  a  tendency  for 
the  number  per  cubic  millimeter  to  increase  as  the  fsst  progressed.  Although 
convinced  of  the  relative  increase  in  the  number  of  erythrocytes,  Luciani 
contends  that  there  is  no  evidence  that  the  absolute  number  in  the  blood  of 
the  body  is  increased.  These  fluctuations  are  explained  by  Luciani  as  the 
result  of  changes  in  the  water  content  of  the  blood. 

The  resiflts  of  the  hemoglobin  tests  showed  a  loss  of  hemoglobin  unaccom- 
panied by  a  loss  of  erythrocytes.  The  leucocytes  were  very  considerably  dimin- 
i^ed  (from  14,536  on  the  first  day  of  the  fast  to  861  on  the  seventh  fasting 
day).    Both  Luciani  and  Daiber*  discuss  in  considerable  detail  the  relations 
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ObservatioiiB  regarding  the  number  of  the  leacocyies  were  taken  on  only  3 
fasting  days,  i.  e.,  the  fourth  and  ninth  days  of  the  fast  with  Getti  and  on  the 
last  day  with  Breithaapt  In  all  instances  the  number  was  considerably 
less  than  the  nonnaL  This  agrees  with  the  obserrationB  of  Luciani.  The 
observations  regarding  the  hemoglobin  in  Cetti's  blood  showed  a  continued 
diminntion,  while  BTeithanpfs  showed  a  slight  increase.  At  the  end  of  the 
sixth  fasting  day  it  was  one-Sfth  greater  than  on  the  last  food  day,  in  spite 
of  the  fact  that  the  red  blood  corpnacles  had  not  increased.  Senator "  also 
found  a  slight  increase  in  the  hemoglobin  cont^it  of  the  blood  in  a  case  of 
inanition  with  a  woman  54  years  of  age. 

In  a  later  examination  of  Sncci's  blood  by  Tanszk  '  the  condoaioos  reached 
were:  (1)  that  after  a  short  period  of  diminntion  in  the  nnmber  of  red  blood 
corpuscles  there  is  a  slight  increase;  (2)  the  nnmber  of  white  blood  corpuscles 
decreases  as  the  fast  progresses;  (3)  the  number  of  the  mononnclear  corpnscles 
decreases;  (4)  the  number  of  the  eosinophiles  and  polynnclear  cells  increases 
and  finally  that  the  alkalescence  of  the  blood  diminishes. 

The  samples  of  the  blood  examined  in  connection  with  the  fasting  experi- 
ments reported  here  were  taken  according  to  the  method  described  on  page  13. 
It  frequently  happened  that  it  was  extremely  difiQcnlt  to  get  a  sufBcient  sapply 
of  blood  from  the  finger  to  enable  the  counts  to  be  made  of  the  red  and  white 
corpuscles  on  each  day  of  the  fast,  but  fortunately  blood  smears  wei«  always 
obtained  which  afterwards  were  subjected  to  the  differential  count. 

The  regular  Thoma-Zeiss  hemocytometer  was  used  in  counting  the  erythro- 
cytes and  leucocytes.  The  determinations  of  hemoglobin  were  in  some  instances 
made  by  the  Tahlqnist  method.  In  other  cases  a  von  Fleischl  hemometor  was 
used. 

The  same  dlfBcolties  and  criticisms  that  pertain  to  blood  examinations  in 
previous  fasting  experiments  ondonbtedly  to  a  certain  extent  obtain  here  with 
regard  to  the  toking  of  the  blood  sample,  the  enumeration  of  the  blood 
corpuscles,  and  the  hemoglobin  teste. 

As  is  seen  from  a  record  of  drinking  water,  there  were  marked  diSerenoes  in 
the  amount  of  water  taken  on  the  different  days  of  the  experiments,  although 
on  the  majority  of  days  the  samples  of  blood  were  taken  at  about  the  same  hour. 

In  experiment  No.  75  the  samples  for  blood  were  taken  almost  invariably  at 
9  a.  m.  On  the  2  days  when  two  samples  were  taken,  the  second  was  taken 
at  3  p.  m. 

In  experiment  No.  77  the  samples  were  taken  as  a  rule  from  3  p.  m.  to 
4  p.  m. 

Although  the  irregularity  in  the  amounts  of  drinking-water  congnmed  and 

-Charltft-Annalen  (1887),  IS,  p.  327. 

"Orvosl  hetilap.  Budapest  (1894),  p.  512;  abstract  Is  Jahreeberlclit  t  Tler- 
chemle  von  Malr  (1894),  B4,  p.  147. 
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in  the  hours  of  taking  the  samplee  is  to  be  regretted,  it  is  important  to  note 
that  in  the  absence  of  digestion  and  muscular  activity,  those  physiological 
factors  that  tend  most  to  cause  variation  are  reduced  to  a  minimum. 

The  differential  counts  are  believed  to  be  as  accurate  as  it  is  possible  to 
make,  and  we  are  now  aware  of  no  criticism  tliat  can  properly  be  applied  to 
these  measurements.  They  apparently  represent  the  true  condition  of  the 
blood  of  these  subjects. 

The  results  of  all  the  blood  examinations  are  expressed  in  the  form  of  curves 
given  on  the  two  figures  herewith. 
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The  blood  examinations  covered  experiments  Nns.  75  and  77,  with  a  few 
observations  on  the  intermediate  period  and  the  period  after  the  last  fasting 
day.  The  full  interpretation  of  these  curves  is  given  essentially  as  in  the 
formal  report  submitted  by  Dr.  A.  E.  Diefendorf,  Pathologist  of  the  Connecti- 
cut Hospital  for  the  Insane,  Middletown,  Conn. 

The  red  blood  corpuscles  show  only  a  slight  diminution  in  number  during 
each  fasting  period  with  a  relatively  rapid  rise  in  the  days'  immediately  follow- 
ing the  end  of  the  fast  The  name  is  true  of  the  hemoglobin  curve,  which  seems 
io  have  been  more  profoundly  affected  by  the  first  and  longer  fast.  The  rise 
in  the  hemoglobin  immediately  after  the  end  of  the  fast  corresponds  with  the 
rise  in  the  number  of  erythrocytes. 
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As  regards  the  leucocytes,  it  vas  apparent  at  the  outset  that  the  subject 
normally  presented  a  condition  uaaally  regarded  as  a  leacocytoeia.  Daring 
the  long  fast  there  waa  a  progreasive  diminntioQ  until  the  morning  of  the  end 
of  the  fast  when  there  was  a  comparatiTely  slight  rise.  The  second  fastang 
period  in  irhidi  the  observations  were  made  produced  very  little  effect  npm 
the  nmnber  of  the  leucocytes,  there  being  a  gradual  rise,  amounting,  however, 
to  only  2000  leucocytes.  Only  in  the  two  weeJcs  following  the  end  of  the  second 
fast  did  &e  number  of  leucocytes  approach  the  normal 

In  the  differential  count  of  the  white  blood  corpuscles  it  ms  found  that  the 
polymorphonuclear  leucocytes  averaged  high  during  the  first  fast,  except 
during  the  second  and  seventh  days  when  their  number  fell  to  low  normal 
range,  63  and  64  per  cent.  Ihiring  the  second  fast  the  percentage  again  rose 
above  the  normal  level,  but  in  neither  instance  did  the  percentage  reach  a 
distinctly  pathological  leveL  It  fell  below  normal  twice  in  the  interval  between 
the  fasts  and  tiiree  times  during  the  two  weeks  following  the  last  fast. 

The  small  lymphocytes  were  below  normal  range  with  the  exception  of  two 
instances,  namely,  upon  the  second  and  seventh  days  during  the  long  fast 
The  same  average  low  percentage  of  amall  lymphocytes  prevailed  in  the  second 
fast  with  the  exception  of  the  last  day  of  the  fast.  As  r^ards  the  large 
lymphocytes,  it  was  found  that  the  percentage  rose  above  the  normal  daring 
tiie  last  two  days  of  the  first  fast,  and  remained  wholly  above  the  normal 
range  during  the  second  fast. 

The  eosinophilea  averaged  low  throughout  the  first  experiment  and  below 
the  normal  range  except  on  the  second  and  fourth  days.  The  same  applies  to 
the  second  fast  during  which  the  percentage  rose  above  the  low  normal  range 
upon  only  one  day,  the  third. 

The  mast  cells  during  the  first  test  averaged  high  normal  and  above  normal, 
and  the  same  is  true  of  the  second  and  shorter  fast 

In  conclusion,  the  most  striking  reeulta  of  bleed  examinations  in  the 
continued  fasts  seem  to  be : 

(«)  The  progressive  average  fall  in  the  number  of  erythrocytes  with  the 
recuperation  following. 

(6)  A  corresponding  diminution  in  the  percentage  of  hemoglobin. 

(c)  A  relative  progressive  fall  in  the  percentage  of  leucocytes  in  the 
prolonged  fast^  but  no  remarkable  effect  of  fasting  to  be  seen  in  the  relative 
percentages  of  the  varioos  types  of  leucocytes. 

(d)  A  high  percentage  of  polymorphonuclear  leucocytes  during  the  fasta. 
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STRENGTH  TESTS. 

The  popular  belief  that  etrength  diminishes  rapidly  as  a  fast  processes  has 
been  based  upon  the  inntuuerable  personal  impressions  of  individualfl  who  have 
from  time  to  time  gone  without  meals  and  observed  an  apparent  lack  of 
strength.  These  personal  imprensions  have  been  scientifically  snbatantiated 
by  testa  with  the  ergograph  as  made  by  Maggiora  "  in  which  a  rapid  diminntion 
in  strength  immediately  follows  the  b^inning  of  a  fast 

The  tests  made  by  Lnciani  (4)  on  Sncci  in  which  a  dynamometer  was  used 
to  measure  the  strength  of  the  right  and  left  hands  showed  results  seemingly 
at  Tariance  with  the  popular  impression.  Thus,  on  the  Slst  day  of  the  fast, 
Sncci  was  able  to  register  on  the  dynamometer  a  stronger  grip  than  when  the 
fast  b%an.  From  the  20th  to  tlie  30th  day  of  the  fast,  howerer,  his  strength 
decreased,  being  less  at  the  end  than  at  the  beginning  of  the  fast  In  diBCOBsing 
these  residts,  Lnciani  pointed  out  the  fact  that  Sncci  believed  that  he  gained 
in  strength  as  the  fast  progressed  and  hence  probably  did  not  exert  the  greatest 
power  at  the  beginning  of  the  experiment  Considering  the  question  of  the 
influence  of  inanition  on  the  onset  of  fatigue,  Lnciani  states  that  the  fatigue 
cnrre  obtained  from  3ucci  on  the  29th  fast  day  was  similar  to  that  obtained 
with  an  individual  under  normal  conditions. 

The  interesting  observations  made  by  the  subject  of  Johansson's  experiments, 
J.  A.  (9),  in  which  he  noted  the  length  of  time  he  could  suspend  himself 
on  his  arm,  showed  a  marked  falling  off  in  strength  as  the  fast  progressed. 
This  strength  was  rapidly  ntgained  on  the  subsequent  ingestion  of  food. 

As  has  frequently  been  pointed  out,  teats  with  the  dynamometer  and  teats 
such  as  were  employed  by  J.  A.  are,  however,  not  necessarily  true  indices  of 
the  actual  strength  but  a  resultant  of  will  and  strength."  Therefore  strength 
tests  with  the  hand  dynamometer  are  of  questionable  value  as  accurate  records 
of  the  strength  of  muscles  at  different  periods  of  the  fast 

In  the  experiments  on  Cetti  (7)  the  dynamometer  was  not  used,  but  the 
measurement  of  the  vital  capacity  was  taken  as  an  index  of  the  strength. 
This  measurement  tested  the  tension  of  the  respiratory  mnades.  From  the 
5th  to  the  10th  day  there  is  no  noticeable  diminution  in  the  rital  capacity, 
although  on  taking  food  after  the  fast  ihen  was  an  increase  of  several  hundred 
cubic  centimeters  above  that  of  the  fasting  period. 

The  results  with  Breittiaupt  indicate  an  actual  increase  in  the  capacl^  of 
the  muscles  to  perform  work  as  the  fast  progresses. 

In  the  series  of  2^y  experiments  here  reported,  testa  were  made  witli  a 
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poouds,  1  pound  being  eqniralent  to  453.6  gramB.  An  attempt  was  made  to 
obtain  data  regarding  the  rapidity  of  the  onset  of  fatigue  by  having  the  subject 
test  the  strength  of  the  hand  muscles  with  the  dyiiamomet«r  in  a  series  of  5  to 
7  tests,  first  with  the  right  hand,  and  then  with  the  left.  In  all  the  ezpenmeotB 
except  No.  79  and  No.  80  the  tests  were  taken  in  succession,  finishing  the 
set  on  one  hand  before  beginning  the  tests  on  the  other.  At  certain  times 
only  3  and  i  consecutive  observations  were  taken,  while  at  other  times  6  end 
even  7  tests  were  made,  and  hence  the  averages  are  not  strictly  comparable. 

An  examination  of  the  data  in  table  191  shows  that  as  a  rule  the  strength 
decreases  rapidly  at  the  beginning  of  the  fast  and  is  almost  immediately,  in  part 
at  least,  regained  with  the  ingestion  of  food. 

In  experiment  No.  89  there  was  a  marked  increase  in  strength  on  the  first 
day  of  fasting,  followed  by  a  slight  loss  on  the  second  day.  The  effect  of  the 
subsequent  ingestion  of  food  in  increasing  the  strength  is  not  as  noticeable 
in  this  experim^it  as  in  others.  This  is  doubtless  due  to  the  small  loss  obeerred 
in  the  fasting  period. 

The  records  were  not  made  at  sufGciently  frequait  intervals  to  draw  any 
particular  conclusions  regarding  the  fiuctuatione  in  the  strength  for  different 
periods  of  the  day.  In  general,  the  observations  accord  with  the  conclusiooa 
of  Moseo  and  Maggiora  with  the  ergograph,  namely,  that  aa  the  fast  progresses 
there  is  a  noticeable  falling  oS  in  iiie  strength  as  measured  by  the  hand  dyna- 
mometer. After  renewed  ingestion  of  food,  the  strength  is  rapidly  regained. 
The  apparent  onset  of  fatigue  seems  in  general  to  be  somewhat  more  rapid  as 
the  fast  progresses,  but  the  data  are  not  sufficient  to  warrant  any  positive  state- 
ments on  tiiis  point 
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HBTADOLISU  BZPERIMBNT  No.  70. 


Dftt«. 

Hud. 

Ar^. 

ToUL 

Cot.  13, 9  a.  m.,  fasting 

Got.  14, 9  ft.  m.,  fasting 

Oot.  14, 8  p.  m.,  fasting 

Oct.  15, 

7*  15- ft.  m.,  fasting 

Oot.  16, 3  p.m.,  food 

100  92  93  92  93 

95  85  81  80  80 

88  85  84  82  80 

76  70  70  70  70 

88  85  78  80  78 

80  70  66  60  65 

94 
84 

Lbt. 
178 
155 
160 
161 
172 

84 
71 

82 
68 

86 
75 

92 
80 

85  70  70 

96  93  91  90 

87  76  80  75 

HBTABOLI8M  HXPBBIHBNT  No.  BO.                       | 

Oct.  26, 

8'"45-a.m.,  food 

7  40  p.  m.,  food 

Oct.  27. 

9>00<-ft.m.,  fasting... 

4  07  p.m.,  fasting.... 

11  00  p.m.,  fasting.... 

Oct.  28, 

9^00-ft.m.,  fasting.... 

5  00  p.m.,  fasting.... 

11  00  p.m.,  fasting.... 

Oot  29, 

7»00-a.m.,  fasting.... 

9  15  a-m.,food 

U  30  ».m.,food 

SJ"; 

W: 
»: 
»: 

Sf': 
S.': 

105  106  108  103  85  

100  106  88  84  94  

116  in  108  96  107  

95  94  85  84  94 

94  90  94  95 

90  84  90  84 

106  105  99  95  

95  89  95  90 

101 
94 

105 
197 
180 
103 
176 
179 
172 
178 
186 
201 

107 
90 

03 

87 

101 
02 

02 
84 

05 
84 

91 
81 

90  90  99  99 

86  81  88  81 

88  95  92  88 

84  80  74  84 

92  90  96  95 

88  86  87  78 

102  97  101  98 

93  85  86  80  ......  .. 

106  107  no  109  108  . . 

95  93  95  96  89  ..   ..  .. 

107  117  no  no  109  .. 

95  96  95  92  105  . .   . . 

93 
85 

100 
86 

108 
93 

Tn 

1  97 
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HBTABOLISM  BXPBEIHBNT  No.  at-tCoat'd.) 


Baaord  of  indiridnal  twM. 


Oet  89, 

7»10-p.m.,food Right. 

Oct.  30, 

8''«»a.m.,food.. 


Right. 
Left.. 


MBTABOUSU  EXPBHIlfBNT  No.  Bl. 


12   10  p.m., food.. 
3   40  p. m., food.. 


3  00  p.m., fasting.. 
9  00  p.m.,fkstiii£.. 


7  00  p.m.ffaating.. 


Right. 
Left.. 

Right. 
Lrft.. 

Right 
Ldt. 

Right 
Left. 

Right . 
U?t. 

Right 
Lrft. 

Right 

Right 
Left. 

Right 
Ldt. 


n 

78 

80 
71 

79 
71 

73 
73 

75 
78 

71 
74 

80 
80 

68 
79 

81 
76 

81 

79 

80 
73 

75 
SO 

78 

86 

70 
79 

74 

81 

77 
75 

81 
72 

78 
84 

75 
84 

75 
80 

79 
78 

80 
80 

78 
80 

82 
82 

77 
85 

83 
84 

82 
86 

82  80 

83  83 

82 
82 

86  86 
84  80 

t4   81 

1   80 

80  80 
73  79 

1   80 

re  76 

78  70 
60  71 

ra  75 

1   75 

80  82 
65  82 

.   80 
78 

76  .. 
84  .. 

79 
80 

«3  78 
85  81 

73 
81 

78  .. 
74  .. 

77 
77 

85  SO 
78  80 

80 
80 

82  76 
82  83 

79 
81 

78  .. 
88  .. 

81 
84 
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and 

foltotoing  metabolUm  experiments— Continued. 

UBTABOLiaU  KXPEBIUENT  No.  8!. 

DX» 

Hud. 

A«. 

Total. 

i><«»i*. 

LU. 

Lb*. 

Nov.  23, 

8M5»a.m.,food 

S". 

100    90    90    84    73    83    74    70 

83 

88    88    81    88    75    73    78    68 

80 

Nov.  24, 

163 

fl»0O-a.m.,  iMting.... 

». 

100    84    74    80    80    70    72     .. 
99    80    99    80    76    82    80     .. 

80 
85 

165 

3  00  p.m.,  futiDg.... 

». 

95    79    66    79    79    82    75     .. 
S2888090868480.. 

79  ' 
84 

163 

10  00   p.m.,  fasting.... 

K". 

84    76    85    94    71    74    86     .. 
100    88    70    70    82    71    70     .. 

81 

79 

Nov.  26, 

160 

ll»0O-ft.m.,  farting.... 

».'. 

88826662    75    686679 

73 

76    70    61    64    63    66    66     .. 

62 

136 

3  40    p.m.,   fasting.... 

» 

86    69    78    74    68    70    71     .. 

74 

75    71    69    60    67    64    72     .. 

68 

142 

d   30    p.m.,  faating.... 

» 

70    70    62    63    62    6fi    66     .. 

61 

60066660646566.. 

59 

Nov.  26, 

7^00~a.m.,   farting 

120 

K 

74    66    66    68    62    66    66     .. 
87    82    78    66    60    70    69     .. 

64 
73 

137 

9  30   a.m.,food 

» 

84    76    70    68    66    66    73     .. 

70 

86    70    72    64    63    66    66     .. 

66            1 

— ;  136 1 

12  30   p.m., food 

» 

90    80    86    76    85    84     ..     .. 

83 

91    80    71    70    73    80     ..     .. 

78 

161 

3   10  p.  m.,  food 

S": 

90    80    79    71    82    80     ..     .. 

80 

89    77    76    73    70    74     ..     .. 

76 

166 

6   40   p.  m.,  food 

W. 

89    74    62    66    80    81     ..     .. 

75 

80    70    71    80    83    86    ..     .. 

78 

Nov.  27, 

7*  10"  a.  m.,  food 

163 

». 

80    66    67    74    80    77     ..     .. 

~M 

62    61    60    75    70    70     ..     .. 

06 

138 

S   16   a.ni.,food 

». 

88    81    80    88    84    86    76    78 

83 

90    83    73    71    76    75    76    64 

76 

159 

4   60  p.ni.,food 

SS" 

86    71    81    85    86    70    80    89 

~U 

91    81     79    78    76    74    70     .. 

78 

Dec.  4, 

3»00-p.m.,food 

159 

K 

93    80    74    74    76    79     ..     .. 
89    71    82    70    74    80     ..     .. 

79 
77 

I6fl 
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Date. 

Hand. 

ATet- 

TotaL 

Dec.  4, 
10'06-a.m.,food 

3    IS  p.m., food 

Dec.  5, 

IPOO-a-m.,  fasting 

7  00  p.m.,  fasting 

Dec.  6, 

ll>'00-a.m.,  fasting.... 

7  00  p.m..  fasting 

Dec.  7, 

9*  00"  a.  m.,  food 

7  30  p.m.,food 

Deo.  8. 

7»30-a.ni.,food 

10  00  a.  m.,  food 

95    92    76    80    74    77    71    73 
63    53    66    51    52    54    C8    66 

89    81    76    81    83    80    79    71 
72    66    68    52    56    57    51    S9 

85  73    82    80    83    72    61    78 
555955605866    47    43 

78    78    66    70    72    71    66    76 
66    69    52    51    46    48    48    43 

82  81    73    72    75    70    68    58 
53    44    63    61    50    40    61    49 

71    68    64    65    66    61    60    66 

65  62    63    63    47    48    61    41 

83  72    61    64    66    65    68    71 
61     54    50    53    53    49    61    53 

87    Jl    73    80    63    61    73    78 
58    66    52    63    64    52    49    61 

94    86    81    61    81    78    74  >70 

66  63    58    57    53    54    52  '68 

86  81    68    71    65    65    72  >  60 

67  63    S3    64    53    53    67  '64 

Lbi. 

80 
66 

80 
58 

Lb*. 

135 
138 
130 
121 
121 
114 
122 
126 
136 
128 

77 
53 

71 
60 

72 

49 

63 
51 

69 
53 

73 
63 

78 
68 

71 
67 

MBTABOLI6H  BXPBBIMBNT  No.  8t.                                                       1 

Dec.  8, 

9»10-a.m.,food 

3  20  p.m., food 

Dec.  9, 

9»10-a.m.,   fasting.... 

3  40  p.m.,  fasting.... 

64645954    70    696668 
03    61566363536056 

82    76    70    68    70    59    68    67 
73    68    61    63    63    64    68    60 

66    69    62    63    44    48    64    45 
53    48    47    40    34    46    40    60 

52    61    42    49    61    43    63    47 
4836424342    41    3639 

63    49    46    44    46    38    44    34 
44    48    44    48    62    48    43    36 

62 
58 

1 
120 
134 
100 

90 

89 

70 
64 

54 
46 

49 
41 

44 
45 

>  AddllloDil  Kcordc  :   7.S0  I 


m.,  rigbt,  78 ;  left,  03.     10.00  a.  m.,  rigbt,  78 ;  left,  00. 
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MBTABOLISU  BXFBBIIIBNT  No.  a»-<Oont'd). 


Beooid  of  lndlTlduml  t«stB. 


I.,  faating.. . . 

I.,  fasting 

.,food 

I.,  food 

I.,  food 

I.,  food 

i.,food 

I.,  food 


Right. 
Right. 
Right. 

»; 

Right. 

Right. 
Left.. 

Right. 
Left.. 


UETABOLISH  BXPBRIHBNT  Ko.  B 


Jtm.  B, 

S^30*a.iii.,food. . 

12  noon,  food. . . . 


Jan.  10, 

l»40~p. m.,  fasting.. 

8  00  pja.,   futing.. 

10  00  p.m.,  faating. . 
Jan.  11, 


Right. 
Lrft.. 

Right. 
Left.. 
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HBTABOUBH  BXPBBIHRNT  No.  »-lC0Dt'd). 


B«oord  ot  IndJTldiMl  t««ta. 


8   16  p.iii. 
10  20  p.m. 


.,  futing 

food 

food 

food 

food 

food 


Right 


Ririit 

Right 

L^ 

Right 
Left 


96  06  96 
96  99  86 

88 
80 

88 
79 

89 
82 

106  110  104 
90  90  S3 

93 
84 

93 
83 

86 
84 

94  95  88 
97  83  81 

83 
79 

79 
78 

80 
78 

85  86  91 
88  82  81 

92 
74 

89 
80 

81 
80 

10  00  p.m.,  food.. 


PHYSICIAN'S  REPORT. 

Man;  of  the  Bubjects  of  the  faeting  ezperimenU  here  reported  were  inex- 
perienced in  experiments  of  this  natnie.  To  insnre  ttie  use  of  normal,  liealthy 
persons,  and  to  strengthea  their  confidence,  arrangements  were  made  witti  Dr. 
J.  E.  Loveland,  a  practicing  physician,  to  examine  each  of  the  men  before 
beginning  the  fasts.  In  certain  of  the  longer  experiments  he  was  also  requested 
to  visit  the  laboratory  each  day,  and  to  report  the  condition  of  tiie  subjects 
as  the  fasts  progressed. 

The  resnlts  of  his  obserTstioQS  dtuiog  the  progress  of  three  of  the  longer 
fasts  are  recorded  in  the  reports  given  herewith. 

The  following  Is  my  report  as  attending  pbTslcUa  to  S.  A.  B.,  the  subject  who 
fasted  Id  the  calorimeter  from  Januarr  7-11, 1906.  The  obserratlonB  were  made  by 
telephoning  to  and  Isspecting  the  subject  through  a  double  glass  window,  the 
subject  being  In  a  dimly  lighted  room.  Such  otwerratioiiB  were  limited  to  noting 
the  subject's  mental  condition  as  shown  by  oral  and  written  statements,  the  tadal 
expression,  the  actions,  movements,  tone  and  strength  of  voice,  color  of  skin, 
condition  of  mouth  and  tongue,  and  physical  condition,  including  pulse  rate  and 
strength  and  body  temperature  ss  reported  by  the  enhject.    During  the  4  days  of 
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the  faat  there  was  no  perceptible  change  to  my  mind  In  any  particnlar.  Bare  that 
a  thin,  white,  molet  coating  of  the  tongue  at  the  start  developed  In  4  A&ya  Into  a 
moderatelT  thick,  white,  moist  coating,  and  the  blood  preasure  in  the  radlals  waa 
lowered  enongh  during  the  star  In  the  calorimeter  to  be  perceived  by  the  examining 
finger. 

Tours  reepectrnll7, 

JOHH  B.  LOTEL&ND,  H.  D. 

The  reports  for  experimente  Ko.  76  and  No.  77  follow : 

During  the  tasting  experiment  of  March  4-10,  1906,  I  visited  joar  subject  at 
practically  the  same  hour  each  afternoon  and  endeavored  to  Judge  of  his  ooadltlon 
br  observing  him  through  the  window  of  the  calorimeter,  talking  to  him  through 
the  telephone,  reading  his  written  reports,  and  oheerring  his  pnlse  rate  and  force 
bjr  the  examining  finger  Introduced  through  the  rubber  curtain.  As  f ar  aa  could 
be  made  out  by  my  obaervationa,  the  history  of  the  subject's  condition  during  thla 
fasting  experiment  was  almost  entirely  uneventful.  On  the  sixth  day  of  the  fast 
the  subject  expressed  himself  as  feeling  doubtful  about  his  condition.  On  all  other 
days  he  was  more  or  less  buoyant  On  the  seventh  day  of  the  faat  and  the  first  day 
of  food  he  appeared  to  show  emaciation  In  the  face  and  the  color  of  the  skin 
appeared  slightly  dusky.  On  the  same  days  the  subject  showed  a  slight  Bordes 
on  the  gums  and  the  tongue  was  slightly  swollen  showing  Indentattons  by  his 
teeth.  The  tongue  on  the  first  day  of  the  fast  showed  a  moderately  thick  white 
coating,  which  grew  thinner  during  the  fast 

The  pnlse  rate  varied  from  60  to  68  beats  per  mlnate.  The  rate,  roughly  apeaking, 
tended  to  grow  leas  as  the  fast  progressed.    On  the  first  day  with  food  ft  rose  to  74. 

On  the  fourth  d^  ot  the  fast  the  force  of  the  pnlse  appeared  leas  than  on  prevloua 
days.  On  tho  fifth  day  there  was  an  irregularity  noted — the  Individual  beats 
varying  In  force.  On  the  sixth  and  seventh  days  of  taating,  and  the  first  day  with 
food,  the  force  appeared  greater  than  on  the  other  6  days.  At  no  time  did  the  pnlse 
rate  and  force  appear  to  approach  a  dangerous  condition.  At  the  end  of  the  fast 
the  aabject  was  in  a  condition  that,  In  my  opinion,  would  have  warranted  his  con- 
tinuing the  fast  with  Impunity. 

During  the  tasting  experiment  of  April  8  to  11,  1906,  the  subject's  mental  condi- 
tion, as  shown  by  his  statements,  his  facial  expression,  hts  carriage  and  actions, 
waa  one  ot  depression  and  apprehension.  His  physical  condition  was  apparently 
normaL  On  the  first  day  there  waa  a  moderately  thick,  dirty,  white  coat  on  the 
tongne.  This  coating  appeared  less  thick  on  the  second  day  and  did  not  change  In 
character  from  that  day.  The  pupils  were  moderately  dilated  on  the  fourth  day. 
The  pulse  was  always  of  good  quality. 

John  B.  iMVBAim.  M.  D. 

SUBJECTIVE  IMPRESSIONS  AND  OBSERVATIONS   REGARDING  GENERAL 
CONDITION. 

It  is  commonly  believed  that  the  withdrawal  of  food  for  one  or  two  meala 
results  in  dizziness,  a  feeling  of  faintDeas,  and,  at  times,  in  pains  in  and 
abont  the  epigastrium.  With  fasting  men  the  experiences  are  varied.  The  fast 
of  MerlBtti,"  which  waa  said  to  have  continued  50  days,  was  characterized  by 

Paris  (Mar- 
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extreme  discomfort,  pam,  and  senBation  of  coldness.  During  the  SO-da;  fast 
of  Jacques  (3)  the  only  marked  discomfort  noticed  was  a  slight  attack  of 
goat  which  appeared  on  the  16th  day.  Id  the  munerooH  fasts  of  Sncci  (4) 
no  marked  discomfort  was  obeeired.  In  fact  during  his  fast  at  Florence 
his  cheerfulness  and  apparent  good  health  were  the  subject  of  much  comment 
It  should  be  stated,  however,  that  both  Jacques  and  Succi  took  small  amounts 
of  narcotics  from  time  to  time  throaghout  their  fasts,  though,  as  Frausnitz  (9) 
has  pointed  ont,  this  may  bare  been  as  much  to  atimulate  a  popular  interest  in 
the  concoctions  as  to  dtdl  the  senses  to  any  possible  pain,  except  possibly 
during  the  earl;  days  of  the  fast.  Getti  (7)  experienced  considerable  dis- 
comfort during  the  first  one  and  one-half  days  of  his  fast,  but  this  suddenly 
ceased  after  a  movement  of  the  bowels.  The  condition  dnring  Breithanpfs  (7) 
experiment  was  somewhat  complicated  by  tlie  fact  that  on  the  third  day  of  the 
experiment  he  contracted  a  cold  in  the  head  which  caused  him  discomfort 
with  a  slight  temperature  increase.  It  was  the  opinion  of  Senator  and  Mueller 
(7)  tiiat  the  disturbances  observed  in  both  cases  were  not  marked  enough  to 
cause  any  material  effect  on  the  metabolism.  The  records  of  the  subjectiTe 
impressions  of  J.  A.  (9)  in  tht  experiments  in  the  Stockholm  laboratoiy 
show  that  on  the  first  day  of  the  fast  he  noticed  no  dizziness.  On  the  second 
day,  while  his  general  condition  was  good,  he  observed  unusual  weakness  follow- 
ing a  slight  muscular  exertion.  On  the  third  day  he  was  in  not  a  little 
discomfort  and  was  dizzy  when  climbing  on  a  short  ladder  inside  the  respiration 
chamber.  On  the  fourth  day  the  pain  in  the  stomach  disappeared  and  no 
dizziness  was  noticed  in  the  experiment  on  the  ladder.  On  the  fifth  day  the 
general  condition  was  excellent,  and  there  was  no  pain  or  discomfort  in  the 
stomach.  His  strength,  too,  was  greater,  although  he  noticed  that  if  he  arose 
suddenly  from  the  bed  there  appeared  to  be  black  spots  before  the  eyes. 

Bosemann,**  who  fasted  forty  hours,  records  that  on  the  first  day  there  was 
no  very  noticeable  feeling  of  hunger.  On  the  second  day  he  was  hungry, 
especially  at  the  regular  meal  hours.  There  was  furthermore  a  feeling  of  weak- 
ness and  a  pain  in  the  heart  with  palpitation.  The  effect  of  climbing  a  ladder 
was  to  cause  dizziness. 

In  the  series  of  2-day  experiments  made  by  Frausnitz  (S)  discomfort  was 
experienced  in  one  or  two  cases,  but  on  the  whole  the  subjects  had  no  pain  or 
other  disagreeable  results  from  the  fast  There  was  in  general  a  feeling  of 
weakness  on  the  second  day,  although  all  the  subjects  went  about  their  usual 
daily  occupations.  In  Pransnitz's  opinion  the  feeling  of  discomfort  attending 
hunger  is,  in  many  instances,  a  purely  psychical  condition. 

Thai  the  psychical  condition  has  much  to  do  with  the  feelings  of  discomfort 
during  fasting  is  dear  from  observation  of  the  notes  made  by  the  subjects  of 

■ArchlT  t.  die  gee.  PhyBlologle  (1897),  66,  p.  369. 
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the  MiddletowQ  experiments.  During  a  large  majority  of  the  faets  the 
only  discomfort  noticed  was  a  slight  headache  or  dizziness,  and  a  number  of  the 
subjects  were  cheerful  and  contented.  The  attempt  to  read  by  means  of  the 
insufficient  light  in  the  chamber  may  well  account  for  much  of  the  pain  in  the 
eyes  and  perhaps  also  for  the  dizziness.  The  psychical  condition  of  the  subject 
S.  A.  B.,  who  was  distinctly  of  a  hypochondriacal  disposition,  determined  in  a 
very  large  measure  his  subjective  symptoms.  For  example,  during  the  longeet 
fast,  7  days  in  experiment  No.  75,  he  reported  himself  in  excellent  condition 
and  his  attending  physician  substantiated  his  statement.  In  fact,  at  the 
conclusion  of  the  3-day  food  experiment  following  this  fast,  the  subject 
remarked  to  the  assistauta  in  the  laboratory  that  he  could  have  fasted  for 
three  days  more-  On  the  contrary,  in  experiment  No.  77,  although  the  subject 
had  endured  the  7-day  fast  inside  the  calorimeter  witli  excellent  results,  he 
was  extremely  apprehensive  and  nerrous. 

In  the  series  of  3-day  experiments  a  feeling  of  weakness  and  occasionally 
a  sense  of  hunger  were  the  only  disagreeable  sensatious  noted. 

It  seems,  therefore,  that  from  the  experiments  made  in  this  laboratory  the 
conclusion  cod  properly  be  drawn  that  fasting,  per  se,  produces  no  marked 
symptoms  of  pain  or  weakness,  at  least  during  the  first  days  of  inanition. 


The  excretion  of  feces  has  commonly  been  considered  to  be  the  rejection 
of  undigested  food  material.  Prom  more  careful  examination  of  the  nature 
and  composition  of  feces,  however,  it  is  seen  that  undigested  food  may  form 
but  a  small  portion  of  the  total  fecal  mass.  Among  the  ingredients  of 
normal  feces  may  be  mentioned  residues  of  digestive  juices  and  epithelial 
tissue.  These  are  conveniently  termed  the  "  metabolic  products."  Since  under 
ordinary  conditions  these  are  incident  to  the  passage  of  food  through  the 
body,  the  practice  of  considering  feces  undigested  food  is  not  without 
some  justification.  For  while  the  metabolic  products  are  not  a  part  of 
the  food  passing  through  the  alimentary  tract,  yet  they  are  present  in  the 
feces  as  a  result  of  the  ingestion  and  digestion  of  food,  and  hence  they  may 
properly  be  considered  as  material  expended  for  the  digestion  of  food  and 
should  be  taken  into  account  in  discussing  digestibilit?  or  the  cost  of 
digestion. 

A  number  of  experimenters  have  in  recent  years  attempted  to  study  the 
formation  of  feces  by  ligaturing  a  loop  of  the  intestine,  analyzing  the  contents 
of  the  ligatore  and  comparing  the  compoeitioD  of  this  matter  with  that 
of  normal  feces.  After  the  ligature  was  made  and  the  wound  healed  the  diet 
was  resumed,  and  under  these  conditions  there  was  a  large  amount  of  material 
thrown  off  from  the  intestinal  wall  into  the  ligatured  section.  This  closely 
resembled  fecal  matter.    It  had  a  chemical  composition  not  unlike  that  of  feces 
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reeulting  from  a  fleeh  diet,  and  many  analyses  of  Bo-called  "fastiiig  feces" 
show  a  Bunilar  chemical  composition.  Indeed,  Voit,  on  the  basis  of  tiie 
qnantity  of  material  thoa  secured  by  a  ligature  of  a  section  of  the  intestine, 
has  computed  the  total  amount  that  would  be  found  in  the  whole  intestine. 
This  was  found  to  correspond  with  the  total  quantity  of  feces  excreted  during 
normal  feeding  experiments.  It  is  a  well-known  fact  that  fasting  animals  while 
passing  feces  with  more  or  less  regularity,  reject  much  smaller  amounts  of 
fecal  matter  than  do  animals  which  are  fed. 

If,  therefore,  the  material  formed  Ln  a  ligatured  intestine  is  a  true  index 
of  the  actual  amount  dirown  o£F  under  normal  conditions  during  fasting,  there 
must  be  a  marked  snbeeqnent  absorption  of  such  material  as  it  passes  farther 
along  through  the  intestines.  Hence  it  is  not  logical  to  conclude  that  because 
large  amounts  of  epithelial  debris  are  found  in  the  ligatored  intestine  of  a  dog 
consuming  food,  proportional  amounts  may  be  formed  and  pass  through  and 
out  of  the  alimentary  tract  during  fasting. 

The  wittidrawal  of  food  results  in  a  cessation  of  the  stimuli  to  peristalsia 
and  thus  afFects  the  expulsion  of  feces,  while  the  total  mass  of  fe<»I  matter 
becomes  diminished  as  a  result  of  the  absence  of  undigested  material,  the 
diminished  flow  of  digestive  fluids,  and  the  decreased  mass  of  intestinal  debris 
resoltisg  from  tiie  quiescence  of  the  alimentary  tiact  Fasting,  therefore, 
afFects  first  the  amount  and  regularity  of  defecation. 

In  considering  the  influence  of  fasting  on  the  frequency  of  defecaticm,  it 
is  important  to  note  that  there  is  nsually  a  normal  amount  of  partially  digested 
food  in  the  alimentary  tract  at  the  beginning  of  a  fast.  Kforeover,  in  many 
instances  the  subjects  partake  of  an  unusually  large  amount  of  food  on  the  day, 
if  not,  indeed,  the  last  meal  of  the  day,  inmiediately  preceding  the  first  day 
of  the  fast  As  a  result,  this  undigested  and  partially  digested  food  in  all 
probability  undergoes  the  normal  digestive  processes,  and  gives  rise  to  the 
production  and  fiow  of  digestive  juices,  leaving  according  to  its  nature  more 
or  less  unabsorbed  material  in  the  alimentary  tract  Obviously,  the  fecal 
matter  resulting  from  food  thus  ingested  prior  to  the  fast  can  not  in  any  way 
be  considered  as  fasting  feces.  The  infiuence  of  the  fecal  matter  thns  formed 
on  tiie  regularity  of  defecation  during  fasting  natnrally  varies  with  the  amount 
and  character  of  the  diet  before  the  fast  the  length  of  time  intervening  between 
the  last  meal  and  the  beginning  of  the  fast,  and  the  usual  habits  of  defecation 
of  the  subject 

In  the  large  majority  of  the  fasts  recorded  io  the  literature,  no  feces  were 
passed  during  the  fasting  period.  This  was  tiie  case  in  Scbaefer's  *  obser- 
vations on  the  fasting  insane. 
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Dnring  the  30-day  fast  reported  by  Paton  and  Stockman  (S)  there  was  no 
excretion  of  feces  during  the  whole  period  of  the  fast  except  on  the  first  day 
vhen  a  few  pilnlar  masses  were  passed. 

In  the  10-day  fast  of  Cetti  (7)  feces  were  passed  only  once,  i.  e,,  at  the 
end  of  the  seventh  fast  day  when  about  176  grams  were  collected. 

Breithanpt  (7),  dnring  a  6-day  fast,  passed  37. K  grams  of  freeh  feces  on 
the  first  fasting  day  and  107  grsms  at  the  end  of  the  third  fasting  day.  No 
more  feces  were  collected  till  after  the  period  of  inanition. 

Landergren  *  does  not  state  that  feces  were  passed  dnring  his  experi- 
ment, bnt  notes  that  it  was  impossible  to  separate  the  fasting  feces. 

With  the  subject  J.  A.  (9)  no  feces  were  passed  between  7"  45"  a.  m,  on 
the  day  before  the  fast  and  7"  40"  a.  m.  on  Uie  second  day  after  it  conclnded. 

Sohn,  the  subject  of  Hoover  and  Sollman  (8),  did  not  defecate  during  the 
8  days  of  an  hypnotic  sleep.  It  should  be  added,  however,  that  suggestion 
was  used  to  prevent  defecation. 

Flora  ToBca  (11)  during  her  l&^ay  fast  defecated  but  once,  i.  e.,  the  evening 
of  the  sixth  day : — after  taking  a  saline  purgative. 

Banmstark  and  Molerf  report  that  no  feces  were  passed  by  the  fasting 
woman  (Schenk)  between  the  second  and  fourteenth  days  of  fasting.  No 
weights  of  feces  are  given. 

Owing  to  long  retention  in  the  colon,  fasting  feces  become  hard,  much  dried 
and  pilnlar,  and  frequraitly  cause  considerable  uneasiness.  Much  difficulty  is 
experienced  in  passing  them,  and  at  times  they  may  cause  considerable  pain 
with  slight  hemorrhages.  The  use  of  an  enema  to  remove  fecal  matter  during 
inanition  is  quite  common.  This  method  was  employed  throughout  the  30-day 
fast  of  Succi,  reported  by  Luciani. 

Separation  of  feces. — In  etudying  the  feces  resulting  from  different  diets, 
it  is  common  to  separate  that  portion  of  the  feces  belonging  to  one  diet 
from  that  belonging  to  another  by  means  of  some  material  which  will  either 
color  the  feces  or  will  mingle  with  them  in  such  other  manner  as  to 
enable  the  separation  to  be  sharply  made.  For  the  coloring  material  carmine, 
charcoal,  and  lampblack  have  most  commonly  been  used,  while  the  other  type 
of  separating  agent  has  more  commonly  been  berry  and  fruit  seeds,  silica, 
and  other  similar  insoluble  materials.  While  with  subjects  undergoing  experi- 
ments in  which  a  sufficient  quantity  of  food  is  given,  these  separating 
agents  serve  fairly  well  to  distinguish  the  feces  resulting  from  &e  differ- 
ent foods,  the  difScnlties  incident  io  the  separation  of  fasting  feces  are  much 
greater. 

It  may  reasonably  be  questioned  whether  the  presence  of  berry  seeds  or 
indeed  even  coarsely  powdered  charcoal  may  not  result  in  a  stimulation  to 
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periBtaleJB,  if  not,  indeed,  to  a  flow  of  digestive  juices  wMcb  would  compare 
with  man;  normal  diets,  and  hence  the  fecal  products  are  not  neceaBaril; 
representative  of  an  absolute  fast  The  use  of  an  insoluble  material  requires 
the  separation  to  be  made  in  many  instances  with  the  aid  of  the  microscope, 
and  it  is  probably  true  that  the  most  reliable  information  regarding  the  nature 
of  feces  is  furnished  us  by  this  instrument.  In  the  fasting  feces  of  Cetti,  studied 
by  Mueller,  numerous  tobacco  fibers  resulting  from  the  large  number  of 
cigarettes  consumed  by  this  subject,  were  found  throughout  the  whole  mass. 
Knowing  as  we  do  the  irritating  or  stimulating  action  of  undigested  cellulose 
in  inducing  peristalsis  and  consequent  abrasion  of  epithelial  debris,  it  is  to  be 
questioned  whether  feces  which  have  been  produced  under  conditions  favoring 
the  presence  of  celluloee  material  in  quantities  even  bo  slight  as  those  necessar- 
ily resulting  from  the  small  amount  of  cigarette  tobacco  involuntarily  swal- 
lowed are,  strictly  speaking,  fasting  feces. 

Id  a  number  of  esperiments  the  attempt  haB  been  made  to  separate  the  feces 
by  means  of  high  enemata.  It  is  a  well-known  fact  that  enema^  of  this  nature 
frequently  mix  the  contents  of  the  bowel  in  such  a  manner  that  an  accurate 
separation  is  precluded.  Furthermore,  when  the  total  possible  amount  of  the 
fasting  feces  is  taken  into  consideration,  it  is  clear  that  any  method  of 
separation  as  gross  as  that  involved  in  the  use  of  enemata  is  without  actual 
value. 

Quaniitaiiva  factors. — In  spite  of  the  difficulties  of  isolating  fasting  feces, 
a  number  of  investigators  have  attempted  to  separate  feces  that  might  be 
ascribed  to  tiie  fasting  period.  It  is  of  interest  to  observe  the  quantitative 
relations  of  these  necessarily  imperfectly  separated  amounts.  Obviously  the 
sharpest  separation  of  fasting  feces  would  be  expected  in  the  longest  experi- 
ments. 

Of  the  prolonged  fasts,  that  of  Sncci  (4)  in  Florence  furnishes  the  most 
satisfactory  record  of  the  collection  of  feces.  During  this  fast  feces  were 
passed  for  the  first  time  on  the  13th  day.  An  enema  was  osed.  Lnciani 
attempted  to  secnre  a  water  content  that  would  represeni  the  normal  and  hence 
dried  the  feces  and  injection  water  until  the  mass  was  of  a  pasty  consistency. 
In  this  form  the  feces  weighed  117  grams.  On  the  16th  day  S  grams  of  a 
pas^  material  were  obtained  as  the  result  of  an  injection.  On  the  31st  day 
a  small  quantity  of  glucose  was  given  with  the  water  used  in  the  enema  and 
the  subject  attempted  to  retain  the  water  in  the  colon  as  long  as  possible 
and  thus  permit  tiie  absorption  of  the  glucose.  One  and  a  half  hoars  after 
the  enema  was  taken  a  greenish  yellow  fluid  with  some  particles  of  solid 
feces  was  passed.  The  solid  material,  weighed  in  the  pasty  form,  was  19  grams. 
The  last  defecation  during  the  30-day  experiment  occurred  on  the  24tii  day. 
The  feces  had  little  form  and  weighed  in  the  pas^  condition  bat  12  grams. 
ThuB  during  the  30  days  the  total  weight  of  fecal  matter  estimated  as  of  the 
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pasty  conaietency  of  oonnal  feces  vaa  but  150  grams.  It  ib  much  to  be  regretted 
that  the  sctoal  omoTUit  of  solid  matter  was  not  determined,  but  allowing  the 
greatest  possible  error  in  the  estimate  of  wat«r  content,  the  total  quantity  of 
dry  matter  for  the  whole  experiment  was  probably  somewhat  lesB  than  that 
excreted  daily  by  a  man  with  an  average  diet 

The  percentage  of  water  in  normal  feces  is  not  far  from  76  to  80  per  cent. 
Consequently  it  may  readily  he  computed  that  during  the  30-day  fast,  assuming 
that  the  pasty  consistency  secured  by  Lnciani  in  the  feces  would  correspond 
to  feces  with  a  water  content  oF  76  per  cent,  the  actual  amount  of  solid 
matter  would  be  not  far  from  37.5  grams  or  a  little  over  1  gram  per  day. 
Since,  however,  the  last  feces  were  passed  on  the  24th  day  of  the  fast, 
and  consequently  the  fasting  feces  for  the  remaining  6  days  were  not 
included,  the  total  amount  of  dry  matter  per  day  for  24  hours  would  be  about 
1.5  grams. 

During  the  10-day  fasting  experiment  with  Cetti  (7)  the  feces  were 
separated  from  those  of  the  food  eaten  previously  by  means  of  the  softer 
consistency  and  more  yellowish-brown  color.  This  separation  was  further 
confirmed  by  the  microscope.  The  fasting  feces  were  passed  in  two  portions, 
the  first  of  27  grams,  collected  at  the  end  of  the  7th  fasting  day,  and  the 
second  after  the  experiment  ended.  The  dried  portion  of  the  feces  amounted 
to  34.147  grams,  or  3.4  grams  per  day,  but  the  writer  states  that  tiie  separation 
was  unsatisfactory. 

With  Breithaupt  (7)  28  grams  of  so^nlled  "fasting  feces"  were  collected 
at  the  end  of  the  third  fasting  day,  and  after  the  period  of  inanition  29 
grams  more  were  passed.  The  total  weight  of  dry  matter  was  12.10  grams,  or 
2  grams  per  day.  The  separation  of  the  fasting  feces  from  those  of  the  previous 
food  was  made  by  using  currants.  At  the  end  of  the  fasting  period  a  charcoal 
emulsion  was  used. 

An  attempt  to  separate  fasting  feces  was  made  on  the  subject  J.  A.  (9). 
The  fasting  experiment  was  preceded  by  a  2-day  experiment  with  food.  Before 
the  first  meal  of  the  food  experiment  the  subject  had  fasted  16  hours.  With 
the  first  meal  30  grams  of  dried  blueberriea  were  eaten.  The  presence  of  the 
residues  of  the  berries  in  feces  indicated  that  they  belonged  to  the  food  of  the 
food  day."  In  order  to  separate  the  fasting  feces  from  the  second  food  period, 
the  subject  received  in  the  first  meal  after  the  fast  0.6  gram  of  charcoal,  which 
colored  the  corresponding  feces  gray.  The  total  weight  of  air-dry"  fasting 
feces  as  separated  in  this  manner  was  12  grams,  or  about  2.4  grams  per  day. 

"From  the  Btatements  of  the  authors  it  was  assumed  that  the  benr  r«aldnes 
would  become  Intlmatelr  Incorporated  with  the  feces  for  both  dars.  This  assump- 
tion seems  bardlr  ten&ble. 

'  9.08  per  cent  of  water. 
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Mnelkr,"  ia  an  experiment  with  a  patient  with  oesophagua  ateiuwu,  states 
that  after  four  days  complete  feet  there  weie  17.i  grams  of  dried  feces,  or 
4.36  grams  per  day.  He  also  cites  two  instances  of  the  fasting  insane  in 
which  the  quantities  per  day  were  5.9  and  4.8  grams,  respectiTely,  of  dried 
feces.  Since,  however,  in  at  least  two  of  these  cases,  the  fasting  period  extended 
bey<md  the  actual  period  of  the  obserrations,  these  amounts  would  be  somewhat 
diminished.  For  example,  in  the  first  instance,  the  four  days  of  fast  during 
which  the  patient  was  under  obserratioQ  were  actually  the  5th  to  8th  days 
of  complete  inanition.  Mueller  calls  especial  attention  to  the  fact  that  it  was 
very  difficult  to  separate  the  feces  in  this  period.  Furthermore,  in  the  second 
case  of  the  fasting  insane,  the  six  days  were  from  the  4th  to  the  9tb  fasting 
dajv.  No  evidence  is  given  as  to  whether  feces  were  passed  on  or  before  the 
beginning  of  this  period,  or  whether  the  subject  simply  came  to  the  attention 
of  the  observer  at  this  time. 

In  reporting  the  results  of  Luciani  on  Snoci,  Mueller  has  interpreted  the 
weight  of  feces  reported  by  Luciani,  i  e.,  150  grams,  as  the  weight  in  the  dried 
condition,  while  Luciani  specifically  states  (4)  that  they  were  in  all  instances 
weighed  in  a  pasty  condition.  On  this  basis  the  amount  of  dried  material  of 
feces  excreted  by  Sued  is  reduced  from  5  grams  per  day  as  computed  by 
Mueller  to  about  1.6  grams. 

In  the  Naples  (6)  fast,  Succi  passed  feces  amounting  to  72  grams  (23 
grams  dry  matter)  on  the  second  day  of  the  fast.  By  means  of  purgatives 
317  grams  of  feces  (80  grams  dry  mattw)  were  obtained  on  tiie  11th  day. 
Thus  there  were  103  grams  of  dry  feces  collected  during  the  first  11  days.  No 
more  feces  were  passed  during  the  rest  of  the  31-day  fast 

The  feces  passed  by  Sacci  in  the  Vienna  fast  (10)  weighed  in  the  dry 
form  63  grams.  They  were  collected  twice  during  the  21-day  fast  Unfortu- 
nately practically  all  the  data  regarding  the  feces  were  lost.  The  only 
observation  on  the  defecation  of  Succi  during  the  Hamburg  fast  is  that  of 
Brugsch  (12),  who  states  that  during  the  last  14  days  of  the  fast  there  was 
no  defecation. 

It  has  frequentiy  been  considered,  especially  in  the  earlier  experiments,  tiiat 
all  feces  passed  after  the  beginning  of  a  fast  were  fasting  feces.  In  considering 
specifically  the  problem  of  the  formation  of  feces  in  fasting  men,  it  is  import- 
ant to  hear  in  mind  that  at  the  b^iinning  of  the  fast  the  alimentary  tract  is 
more  or  less  filled  with  material  varying  in  composition  from  ttie  partly 
digested  food  of  the  last  meal  remaining  in  the  st<«nach  oi  the  upper  part  of 
the  small  intestine  to  the  feces  in  the  colon. 
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While  TDofortntutely  in  most  experimentB  no  data  are  given  regarding  the 
character  and  amoonts  of  the  diet  and  the  time  and  nature  of  the  last  defe- 
cation before  the  fast  b^n,  it  must  be  recognized  that  a  part  at  least  of 
the  feces  collected  in  this  manner  during  fasting  must  have  resulted  from  the 
ingestion  of  food  prior  to  the  fast. 

In  the  fasting  ezpmments  here  reported,  the  data  regarding  the  feces  are 
extremely  limit^.  The  natural  expolsion  of  feces  is  retarded  by  inanition  and 
hence  the  defecation  is  not  at  all  regular.  It  is  of  interest,  ttierefore,  to 
consider  first  the  effect  of  inanition  upon  the  regularity  of  defecation. 

Depending  npoD  the  amount  of  food  consumed  on  the  day  previons,  the 
defecation  of  the  first  day  of  fasting  may  be  quite  as  regular  as  on  the  ordinary 
food  days.  If,  hoirever,  as  is  (he  case  in  many  of  the  experiments  here  reported, 
the  last  meal  on  the  day  before  the  fast  was  small,  there  may  he  entire  absence 
of  defecation  on  the  first  day.  An  examination  of  the  record  of  body  move- 
ments in  the  different  experiments  shovs  that  in  experiments  Noe.  69,  68,  and 
69  there  were  no  feces  passed.  In  experiment  No.  tO,  119.2  grams  of  feces 
were  passed  at  7"  40"  p.  m.,  December  22,  1904,  i,  e.,  2J  days  after  the  first 
meal  following  the  fast.  This  unusual  delay  in  defecation  is  explained  in 
part  at  least  by  the  fact  that  this  subject  even  under  ordinary  conditions 
defecates  very  irregularly. 

In  experiment  No.  71,  with  S.  A.  B.,  feces  were  passed  on  each  of  the  first 
three  days  of  fasting.  The  amounts  were  241.6,  41.3,  and  48.0  grams, 
respectively.  In  experiment  No.  72  the  feces  were  passed  at  S*"  46"  a.  m., 
January  11.  In  the  6  days  of  experiment  No.  73  feces  were  passed  with 
considerable  regular!^,  i.  e.,  on  the  first,  second,  and  third  days.  The  amounts 
passed  were  71.6,  87.0,  and  61.1  grams,  respectively.  No  more  were  passed  till 
the  second  day  with  food. 

During  the  7'day  fast  (experimoit  No.  76)  feces  were  passed  onlyon  the 
first  day,  i.  e.,  9''  10™  a.  mi.,  March  4,  1906.  The  amount  was  48.4  grama. 
Three  days  of  food  followed,  but  feces  did  not  appear  till  the  last  food  day, 
March  13,  when  28.1  grams  of  feces  were  passed  at  7"  40"  a.  m. 

In  experiment  No.  77,  144.4  grams  were  passed  on  the  first  fasting  day  at 
7^  36"  a.  m.  During  the  evening  of  April  9,  owing  to  the  discomfort  experi- 
enced by  tiie  subject,  about  36  grams  of  fresh  feces  were  removed  by  means  of 
an  enema.  No  more  feces  were  passed  until  24  hours  after  the  first  food  was 
taken,  i.  e.,  after  the  subject  had  left  the  respiration  chamber. 

In  experiments  in  which  the  beat  production  is  especially  studied,  it  is 
desirable  in  so  far  as  possible  to  maintain  a  constant  muscular  activi^. 
It  was  found  that  frequentiy,  especially  during  the  earlier  fasts,  the  subjects 
would,  in  many  instances,  on  either  the  first  or  second  day  of  the  experiment, 
make  ineffectual  attempts  to  defecate.  Aside  from  the  disturbing  element  of 
the  extraneous  muscular  exertion  and  exposure  of  the  body,  there  was  the  dia- 
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comfort  to  the  subject  which  might  produce  abnonnal  results.  Consequently, 
dTiring  the  aeries  of  2-daj  experiments  Nos.  79  to  89,  warm  water  enemata 
were  given  before  the  experimentB,  which  resnlted  in  completely  remoTing  the 
contents  of  the  lower  bowel  so  that  in  but  one  instance  (experiment  Mo.  82) 
were  feces  passed  during  the  fssting  period. 

The  influence  of  the  character  of  the  diet  taken  by  different  subjects  is 
probably  considerable.  For  while  the  majority  of  the  subjects  of  these  experi- 
ments did  not  defecate  after  food  was  withheld,  S.  A.  B.,  on  the  other  hand, 
passed  feces,  in  some  fasting  experiments  at  least,  with  considerable  regularil?. 
This  subject  commonly  consumed  rather  large  quantities  of  fresh  and  dried 
fruits,  nuts,  milk,  eggs,  and  bread,  as  is  seen  by  the  menus  given  on  pages  277 
to  288.  From  tiie  character  of  the  feces  obtained  during  the  nitrogen  metab- 
olism experiments,  it  is  seen  that  ordinarily  he  passed  relatively  large  quautitieB 
of  feces.  This  is  to  be  expected  from  the  nature  of  the  diet  consumed.  Hence, 
in  the  fasting  experiments  made  with  this  subject,  it  is  not  at  all  surprising 
that  in  some  Instances  at  least  we  find  defecation  more  or  less  r^ular  on  the 
first  days  of  the  fast.  It  is  difficult  to  explain  the  fact  that  feces  were  passed 
ouly  once  during  the  7-day  fast  on  this  assumption,  unless  it  be  that  on  the 
day  preceding  the  fast  the  subject  did  not  partake  of  his  usnal  amoimt  of 
tood." 

Making  due  allowance,  then,  for  the  bulky  nature  of  the  diet,  the  influence 
of  inanition  in  retarding  the  time  of  defecation  as  observed  in  these  experiments 
IS  in  accord  with  the  observations  made  in  connection  with  the  experiments  on 
Jacques  (3)  and  Succi  (4). 

In  all  of  the  experiments  made  in  this  laboratory  the  attempt  has  been  made 
to  recognize  and  separate  any  fecal  matter  that  could  properly  be  considered 
tasting  feces.  Having  due  regard  for  the  possibility  of  the  irritating  action 
of  solid  material  of  any  kind  on  the  intestinal  wall,  lampblack  has  been  used 
in  all  cases  in  attempting  the  eepnrations. 

With  short  fasting  experiments  such  as  those  previously  made  in  this 
laboratory  and  reported  elsewhere,"  the  separation  of  feces  was  impossible. 
Indeed,  even  in  experiments  with  food  and  with  wide  alterations  in  tiie  nature 
of  the  diet  between  periods,  it  is  a  difficult  matter  to  separate  the  feces  from 
a  1  or  2-day  experiment.  When  it  is  considered  that  if  we  accept  Mueller's 
riew  that  the  total  dry  matter  of  feces  during  fasting  is  3  grams  per  day, 
corresponding  to  a  total  weight  of  fresh  feces  of  13  grams,  it  is  seen  that  the 
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No.  73,  during  which  38.4  grams  of  fredi  feces,  weighing  when  airniry  10. 1 
grsms,  were  at  first  comidered  fasting  feces,  no  definite  indication  of  the 
formation  of  fasting  feces  conld  be  seen.  Indeed,  dnring  the  longest  fasting 
experiment,  No.  75,  which  continned  ?  days,  it  was  impossible  to  dietdnguish 
with  a  reasonable  degree  of  accuracy  any  fasting  feces. 

While  it  is  undeniably  true  that  the  intestinal  canal  throws  oS  from  its 
walls  material  aa  regularly  as  does  the  integument,  it  is  highly  improbable 
that  any  considerable  portion  of  the  material  thus  thrown  ofE  enters  the 
large  colon  as  the  material  thus  deposited  may  be  reabsorbed.  Probably  a 
certain  amount  of  the  epithelial  debris  from  the  walls  of  the  large  colon 
normally  collects  there,  and  may  be  considered  as  fasting  feoes.  The  amount 
thus  formed  ie,  however,  in  all  probability  very  much  less  than  that  shown 
by  any  measurements  thus  far  recorded. 

Chemical  as  well  as  microscopical  examination  of  all  feces  passed  during 
fasting  experiments  considerably  longer  than  these  are  essential  for  a  proper 
understanding  of  the  nature  of  fasting  feces. 

URINE. 

The  chief  end  products  of  protein  katabolism,  at  least  those  end  products 
containing  nitrogen,  are  eliminated  in  the  urine,  and  while  it  is  impossible 
to  differentiate  in  the  respiratory  products  between  the  carbon  dioxide  and 
water  of  protein  katabolism,  and  that  of  fat  and  carbohydrate  katabolism, 
a  study  of  the  compounds,  especially  the  nitrogenous  compounds  in  the  urine, 
furnishes  as  accurate  a  measure  of  protein  katabolism  as  is  yet  avaOable. 
In  the  studies  here  reported,  analyses  of  the  urine  were  made  with  as  great  a 
degree  of  completeness  aa  pressure  of  other  work  and  the  facilities  in  the 
laboratory  would  permit.  Unfortunately  the  urines  could  not  be  analyzed  with 
the  completeness  that  characterizes  the  analytical  scheme  of  Folin.  Since  the 
grosser  study  ^"as  more  especially  that  of  the  gaseous  exchange  and  beat 
transformationB  as  afFected  by  inanition,  the  determinationB  of  potential  energy 
in  the  urine  were  made.  One  difBculty  which  precluded  the  complete  analysis 
of  urine  was  the  inability  at  times  to  secure  sufficient  material  for  samples. 
The  determinations  were  invariably  made  in  duplicate  and  in  many  instances 
in  triplicate,  hence  large  amounts  of  urine  were  necessary. 

In  interpreting  the  results  of  the  urine  analyses,  each  component  of  the 
urine  is  given  special  consideration. 


Complete  fasting  during  which  no  water  is  consumed  results  in  lowering 
in  a  marked  manner  the  total  amounts  of  nrine  voided  per  day.  That  this  is 
bne  is  borne  out  by  all  the  experimental  data  available,  though  unfortunately 
the  number  of  instances  of  complete  inanition  in  which  accurate  observations 


Digitized  by  Google 


S46  Influence  of  Inanition  on  Uetabolisu. 

Teg&rding  the  smoanto  of  urine  per  day  were  made  ie  relatiTely  email,  being 
confined  to  the  fev  pathological  cases  in  which  tlie  urine  has  been  withdrawn 
each  day  by  means  of  a  catheter,  and  some  cases  with  the  fasting  insane. 

SchaefcT  **  gives  the  amount  of  urine  per  day  in  7  cases  with  fasting  insane 
women  and  shows  that  in  4  caeies  of  fasting  without  water  the  yolume  of  nrine 
varied  from  6S0  to  163.5  cc.  per  day.  In  some  of  the  cases  in  which  water 
was  taken  the  amounts  of  urine  fell  to  220  cc.,  while  in  no  case  did  the  quantity 
exceed  650  oc.  per  day. 

In  a  case  of  oesophagus  stenosia  in  a  19-year-old  girl  reported  by  Mneller" 
the  total  quantity  of  urine,  when  the  subject  fasted  without  water,  varied  on 
the  4  days  of  the  observation  only  between  130  cc  and  170  cc.  The  body 
weight  was,  however,  unusually  small  (34.5  to  33.0  kgs,). 

The  report  of  a  case  of  partial  fasting  caused  by  carcinoma  ventriculi, 
published  by  Seegen,"  shows  that  the  patient  took  but  35  cc  of  besh  cow's 
milk  per  day  and  during  IZ  days  she  passed  but  3230  cc.  of  urine.  The 
quantities  ranged  from  125  to  240  cc.  per  day. 

On  the  other  hand,  in  an  experiment  made  by  Sadovyen  on  the  subject  "  J," 
fasting  without  water,  the  quantity  of  urine  voided  was  relatively  large.  On 
the  first  day  it  amounted  to  898  cc.  and  on  the  second  day  to  913  cc. 

With  the  subject  of  Hoover  and  Sojlman  (8),  the  volume  of  nrine  varied 
considerably.  On  the  day  prior  to  the  fast,  the  volume  was  1350  cc.,  while  on 
the  first  day  of  the  fast  which  was  essentially  without  water,  the  volume  was 
570  cc. 

In  general,  when  water  is  taken  during  the  fast,  the  volume  of  urine 
approaches  more  nearly  that  voided  by  people  under  normal  conditions.  Indeed, 
when  moderate  amounts  of  water  are  consumed,  the  volume  of  mine  presents 
as  a  rule  no  noticeable  abnormalities. 

Cetti  (7)  voided  in  the  10  days  of  his  fast  9433  cc.  of  urine.  The  quantitiea 
per  day  varied  from  1310  cc.  to  620  cc.  With  Breithaupt  (7)  the  volume  of 
urine  per  day  was  much  larger,  varying  from  1706  on  the  tlurd  day  to  967  on 
the  sixth  and  last  day. 

Water  was  consumed  on  the  6  days  of  the  fast  with  J.  A.  in  the  Stoddiolm 
laboratory  (9)  in  the  following  quantitiea:  187,  660,  504,  965,  and  650  cc. 
The  following  quantities  of  urine  wwe  voided,  692,  587,  679,  650,  and  579  cc 
respectively. 

With  Jacques  (3)  the  collection  of  urine  was  more  or  less  irregular  as  he 
did  not  always  empty  the  bladder  at  a  definite  hour  each  day.  The  lowest 
amounts  recorded  for  individual  days  were  on  the  last  2  days  of  the  fast^ 

"Allgemelne  Zeltscbrlft  t  Psycblatrle  (1897),  63,  pp.  6Z5-B37. 
"  ZeitacbrUt  rfir  kllnlsche  Medfcln  (1889),  16,  pp.  496-540. 

■*  SltzanKBtierlchte  der  MatbematlBcti-NaturwiBsenscbattllcheii  Classe  (1871), 
03,  Abth.  n,  p.  4S9. 
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in  which  tiie  volomes  of  mine  vera  460  and  440  cc.  leepectiTely.  At  thia 
period  of  the  fart,  the  subject  waa  taking  about  900  cc.  of  liqtiid  per  day.  It  is 
moreoTer  to  be  noted  that  since  Jacqnea  drank  each  day  a  part  of  hia  own  urine, 
and  as  the  amonnts  bo  dmnk  are  not  specified,  no  correction  can  be  made  to 
obtain  the  trae  intake  of  water. 

Among  the  observationa  on  urine  the  records  of  the  volames  of  urine 
voided  by  Sncci  are  of  unusual  interest 

In  the  fart  reported  by  Lnciani  (4)  the  Tolume  of  urine  excreted  by  Succi 
remained  quite  constant.  Only  on  the  firrt  day  did  the  amount  approximate 
normal  On  the  day  before  the  experiment  began  the  volume  was  nearly  1500 
cc.,  while  on  the  first  day  of  the  fast  it  bad  fallen  to  900  cc,  and  on  the 
second  day  to  600  cc.  The  lowest  volume  observed  was  250  cc.,  on  the  ZZi 
day  of  the  fast.  On  the  first  2  days  he  took  no  water,  hence  the  urine  excretion 
is  comparable  on  those  days  to  esperiments  on  fasting  without  water.  During 
the  remainder  of  tbe  fast  Succi  partook  of  water  as  desired. 

Table  192. — ^VoIwm  of  urine  eHmtnatea  dally  bv  fatting  mAfeot: 
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■  Reported  by  Scbrelber  & 


In  the  Naples  fart  (21  days)  reported  by  Ajello  and  Solaro  (8),  the  volume 
of  urine  voided  by  Sued  varied  from  960  cc.  on  the  first  day  to  410  cc.  on  the 
tenth  and  fourteenth  days.  The  drinking-water  varied  in  amount  from  2170 
cc.  on  the  thirteenth  day  to  620  cc  on  the  twentieth  day.  After  the  firrt  9 
days  of  the  fast  the  subject  took  regularly  about  30  grams  of  citrate  of 
magnesium.  On  4  days  from  200  to  300  cc.  of  a  saline  water  (Vichy 
eleventh  day,  Janoa  12,  20,  21)  were  taken. 
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Id  the  Vienna  fast  (1^1  days)  reported  by  E.  and  0.  Freond  (10)  the  Tolnmes 
of  mine  raided  from  1436  cc.  on  the  first  day  to  236  cc.  on  the  2l8t  day.  The 
records  of  the  amount  of  drinking-Tater  are  not  given.  The  yolnmes  of 
nrine  from  the  33d  to  the  30th  day  of  Sncci's  fort  at  Hambnrg,  reported  hy 
Brugsch  (12),  are  twice  ae  large  ae  those  of  the  last  10  days  of  the  Vienna  fast 
In  the  Hambnrg  fast,  Sncci  voided  1030  cc.  of  urine  on  the  30th  day,  and  the 
smallest  volmne  recorded  was  620  cc.  oa  the  39th  day.  The  subject  drank 
about  760  cc.  of  water  each  day  of  the  fast  This  amount  of  liquid  was 
increased  on  the  30th  day  by  300  cc.  of  a  sweetened  lemonade. 

A  tabular  statement  showing  the  daily  volumes  of  nrine  voided  by  the 
subjects  of  the  fasts  discussed  above,  as  well  ae  those  of  a  professional  fasting 
woman  (ll),isgivenherewithiQtable  192. 

Vozarik"  in  studying  the  influence  of  the  character  of  the  diet  on  the 
quantity  of  urine  excreted,  observed  volumes  excreted  on  single  fasting  days 
amounting  to  905,  1406,  3240  cc.,  respectively.  Since,  as  the  author  clearly 
points  out,  the  character  of  the  diet  before  the  fasting  period  influenced  in 
large  measure  the  volume  of  nrine  excreted,  and  since  unfortunately  the 
nitrogen  excretion  was  not  determined,  the  results  are  of  but  little  value  in 
this  discussion. 

Not  only  have  the  exact  data  of  the  amoosts  of  urine,  and  the  water 
consumed,  been  recorded  in  the  Middletown  experiments,  but  the  amounts  of 
water  in  nrine  and  the  daily  ratios  of  the  water  of  urine  to  ingested  water  have 
also  been  obtained.    The  results  are  presented  in  table  193,  page  355. 

For  convenience  of  discussion,  and  since  the  data  above  show  that  the 
volome  is  proportional  to  the  drinking-water  to  a  certain  extent,  the  con- 
sumption of  drinkiDg-water  is  considered  before  proceeding  to  the  particular 
point  under  discussion,  i.  e.,  the  volnme  of  nrine. 

BBLA.310N  OF  DRINEINa-WATER  TO  VOLUUB. 

The  amount  of  drinking-water  consumed  by  the  subjects  in  different  experi- 
ments varies  greatly.  In  the  experiments  reported  herewith  the  maximum 
consumption  is  2?63.2  grams  on  the  third  day  of  experiment  No.  73,  and 
Uie  minimum  115.10  grams  on  the  first  day  of  experiment  No.  89.  Even  in 
experiments  with  the  same  subject  the  variations  are  considerable.  For 
example,  in  experiment  No.  73  with  S.  A.  B.,  the  average  amount  of  drinking 
water  per  day  was  2124.74  grams,  while  in  experiment  No.  77,  with  the  same 
subject  the  average  was  1405.45  grama.  The  maximum  amount  was  consumed 
by  this  subject  on  the  third  day  of  experiment  No.  73,  2763.20  grams,  and 
the  smalleet  amount  on  the  last  day  of  experiment  No.  77,  962.00  grama. 
Experiments  Noe.  68  and  69,  both  of  which  were  made  with  another  subject 
(A.  L.  L.),  also  show  marked  differences  in  the  amount  of  water  consumed. 

"AreUv  f.  die  ges.  PhTSlologla  (1906),  111,  p.  626. 
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With  regard  to  ezperimeDt  No.  68,  however,  it  is  to  be  noted  that  it  waa 
preceded  by  a  metaboliBm  experiment  in  the  respiratioii  chamber  and  the 
records  show  that  the  qnantity  of  water  consomed  daring  the  preceding  days 
was  probably  much  less  than  that  consumed  on  the  days  preceding  experiment 
Ko.  69.  On  the  average  much  smaller  amounts  of  drinking-wattT  were  taken 
by  the  snbjecta  in  the  series  of  2^aj  fasts,  Nos.  79  to  89. 

With  regard  to  the  apparently  excessive  amounts  of  drinking-water  consumed 
by  S.  A.  B.,  it  is  to  be  noted  that  he  was  especially  cautioned  to  consume 
considerable  amounts  of  water.  In  some  of  the  earlier  experiments,  especially 
those  with  A.  L.  L.,  an  unusiially  high  specific  gravity  was  observed  in  the  urine, 
and  moreover  the  volume  was  insufficient  to  enable  all  the  desired  analyses  to  be 
made.  It  was  considered  also  that  the  fast  might  be  endiired  with  less 
liability  of  causing  discomfort  if  the  volume  of  urine  was  kept  relatively  large 
and  the  specific  gravity  relatively  low.  Furthermore,  it  had  been  the  custom 
of  S.  A.  B.  daring  his  fasts  in  private  to  consume  rather  large  amounts  of 
water. 

Having  seen  from  the  above  statement  that  the  amounts  of  drinking-water 
vary  considerably  with  different  subjects,  it  is  of  interest  to  note  the  amounto 
of  nrine  passed  and  especially  the  water  of  urine.  An  inspection  of  the  data 
on  this  point  shows  very  wide  fiuctuations  from  experiment  to  experiment 
and  evea  between  the  different  experiments  with  the  same  individnaL  The 
lowest  average  vreigbt  per  day  of  water  in  urine  was  in  experiment  No.  89 
where  there  were  but  545.89  grams.  The  lai^eat  daily  elimination  occurred 
on  the  second  day  of  experiment  No.  73,  and  amounted  to  2928.23  grams. 

In  experiment  No.  69,  there  was  an  average  of  nearly  300  grams  less  vrater 
in  ttie  urine  per  day  than  in  experiment  No  68  with  the  same  subject.  Tho 
average  amounte  of  water  eliminated  per  day  in  the  nrine  of  the  subject 
S.  A.  B.  was  more  nearly  couBtant,  i.  e.,  1767.01  grams  for  experiment  No.  71 ; 
2156.51  grams  for  experiment  No.  73;  1709.08  grams  for  experiment  No.  75; 
and  1818.35  grams  for  experiment  No.  77. 

The  relationship  between  the  amount  of  water  in  the  urine  and  the  amount 
of  water  ingested  is  of  special  significance.  In  column  e  of  table  193  the 
ratios  of  the  weight  of  the  water  in  the  nrine  to  the  weight  of  the  ingested 
water  are  recorded. 

The  wide  variations  in  the  amounts  of  water  consumed  and  the  vrater  of 
urine  noted  in  all  the  experiments  are  clearly  indicated  by  these  ratios.  The 
lowest  recorded  for  any  given  day  is  0.628  on  the  first  day  of  experiment  No. 
82.  The  highest  ratio  observed  vaH  that  on  the  first  day  of  experiment  No.  80, 
when  the  water  in  the  urine  was  over  8  times  that  ingested,  i.  e.,  8.336.  It  is 
noticeable  that  both  extremes  in  these  ratios  are  found  ia  the  date  for  the 
shorter  fasting  experiments.  When  the  differences  in  body  condition  previous 
to  a  fast  are  taken  into  consideration,  it  is  not  at  all  surprising  that  tiiere  are 
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iride  fiuctnations  in  the  amonnta  of  niine  voided,  and  therefore  while  the  data 
for  the  2-day  ezperimeDts  are  of  distinct  value  it  ie  upon  the  results  foi  the 
longer  experiments  that  we  must  eepecialJy  rely  in  discuBsiiig  these  ratios. 

In  all  the  ezperimenta  continued  3  daye  and  over,  the  ratios  are  much  more 
nearly  constant  Thus,  the  lowest  average  ratio  is  0.763  for  the  4-day  eiprai- 
ment  No.  69,  while  the  highest  is  1.294  in  the  4-day  experiment  No.  77. 
The  individual  days  in  these  longer  experimoits  exhibit  difCerenceB  ranging 
from  0.643  on  the  first  day  of  experiment  No.  69  to  1.492  on  the  third  day  of 
experiment  No.  77. 

Considering  the  long  experiments  with  the  same  subject,  namely,  Kos.  71, 
73,  75,  and  77,  the  ratios  range  for  the  averages  of  the  experiments  from 
0.941  to  1.294. 

A  close  examination  of  the  data  shows  that  in  general  on  those  individual 
days  in  which  the  amount  of  drinking-water  is  over  1000  grams,  the  ratios  vary 
from  0.6fi9  to  1.692,  and  for  those  experiments  in  which  the  average  amount 
of  water  consumed  per  day  was  ever  1000  grams,  the  ratio  varies  from  0.846 
to  1.294.  Furthermore,  when  the  amount  of  drinking-water  on  one  day  is 
materially  larger  than  that  on  the  following  day,  the  ratio  on  the  seccoid  day 
tends  to  increase.    This  is  especially  noticeable  in  the  2-day  experiments. 

The  results  of  these  comparisons  show,  therefore,  that  the  amount  of  water  in 
orine  and  conseqnentiy  the  volume  of  urine  is  largely  dependent  upon  the 
amount  of  water  consumed.  The  generality  of  this  rule  is,  however,  striMngly 
interfered  with  in  certain  Instances,  notably  those  in  which  the  ratios  are  the 
highest  Thus,  on  the  first  day  of  experiment  No.  80,  while  there  were  but 
132.80  grams  of  water  consumed,  the  nhne  contained  1105.75  grams,  and 
on  the  first  day  of  experiment  No.  89,  there  were  but  115.10  grams  of  water 
consumed  and  the  urine  contained  699.55  grams  of  water. 

Even  in  those  experiments  in  which  tiie  lowest  ratios  obtained,  the  quantities 
of  urine  voided  are  not  unusually  small  for  fasting  experiments.  Thus  on 
the  first  day  of  experiment  No.  82,  wh«i  ihe  ratio  was  but  0.628  there  were 
538.67  grams  of  water  in  the  urine,  although  the  subject  had  actually  consumed 
867.80  grams  of  water  during  the  day. 

The  anomalies  noted  in  tills  series  of  experiments  almost  invariably  occur 
on  the  first  day,  a  striking  contrast  to  the  records  of  LucianL  According  to 
Lnciani's  table  1700  cc  of  water  were  consumed  on  tiie  29th  day  of  Succi's 
fast  in  Florence  while  the  volume  of  urine  was  but  350  cc.  The  retention 
of  large  amoimts  of  water  at  the  end  of  a  fast  has  been  frequently  observed. 
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of  diinkiiig-watei  conaimied.  If  the  Tolnme  of  ingested  water  iB  small  the 
Tolnme  of  arine  may  exceed  it  Bereral  times.  When  the  Tolnme  of  drinking- 
water  is  over  1000  oc.  the  Tolume  of  m-ise  is  usually  not  far  from  that  of  the 
water  consamed. 

BEA.0TIOK. 
In  all  of  the  samples  of  urine,  whether  tested  by  periods  or  for  the  whole 
day,  the  reaction  was  acid.  The  pressure  of  other  work  prevented  an  accurate 
determination  of  Uie  degree  of  acidity.  According  to  Brugech  (12),  however, 
the  acidity,  at  least  in  the  later  stages  of  a  prolonged  fast,  remains  nearly 
constant  from  day  to  day. 

SFEOITIO  OIU.VITY. 

N'ormal  urines  vary  widely  in  their  specific  gravity,  large  volumes  of  urine 
being  generally  accompanied  by  a  low  ^>ecific  gravity  and  small  volumes  by 
a  high  specific  gravity.  In  the  first  three  experiments  here  reported  the  specific 
gravity  was  taken  with  a  carefully  calibrated  urinometer  with  which,  however, 
it  was  practically  impossible  to  make  accurate  record  to  the  fifth  significant 
figure.  In  all  suhsequ^t  experiments  a  Westphal  balance  was  used.  For 
purposes  of  comparison  it  is  important  that  the  temperature  of  the  urine  be 
constant  when  the  specific  gravity  is  taken,  and  hence  all  determinationB  were 
made  at  20°  C.  If  the  urine  was  colder  than  20°  it  was  warmed  by  an  electric 
beater. 

It  is  probably  true,  since  the  specific  gravities  in  the  experiments  of  earlier 
observers  are  as  a  rule  recorded  only  to  the  third  decimal,  that  a  simple  hydrom- 
eter was  used.  For  comparing  the  different  days  of  the  same  experiment,  this 
method  is  fairly  satisfactory,  but  it  obvioiisly  renders  difficult  any  satisfactory 
comparison  between  experimeuts  not  made  in  the  same  laboratory.  ' 

In  the  case  of  Breithaupt,  the  specific  gravity  remained  very  constant  from 
day  to  day,  the  lowest  being  1.0110  on  tiie  second  and  third  days,  and  the 
hi^est,  1.0135  on  the  fifth  day.  Unfortunately  the  records  of  specific  gravity 
given  for  Breithaupt* s  urine  show  the  specific  gravity  not  of  the  urine  as  voided 
but  of  the  volume  of  urine  to  which  the  original  S4-hour  amount  of  urine  was 
diluted  before  the  specific  gravity  was  taken.  Hence  the  results  are  for 
purposes  of  comparison  of  little  value. 

The  specific  gravi^  of  Succi's  urine,  in  the  fast  at  Naples,  varied  from 
1.033  to  1.026,  remmning  for  the  most  pert  very  constant  at  about  LOSS. 

In  Sncci's  Vienna  fast  the  specific  gravity,  which  was  1.033  and  1.020  on 
the  first  and  second  days,  respectdvely,  remained  almost  constant  at  1.030 
during  the  remunder  of  the  fast 

Brugsch  (IS),  in  studying  the  urine  from  Succi  during  the  fast  at  Hamburg, 
records  the  specific  gravity.  During  the  last  days,  23d  to  30th,  the  specific 
gravity  varied  only  from  1.023  to  1.026,  remaining  for  5  successive  days  at 
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1.025.  The  Tolume  of  urine  during  this  period  varied  from  530  to  600  ce. 
Oa  the  last  day,  however,  the  volume  rose  to  1030  cc.,  with  a  specific  gravi^ 
of  1.036.  The  urine  of  the  fasting  woman  Flora  Tosca  (11),  varied  in  specific 
gravity  from  1.0315  on  the  second  fasting  day  to  1.033  on  the  last  (15th) 
fasting  day.    The  decrease  was  gradual  as  the  fast  progressed. 

The  specific  gravities  of  the  urine  for  the  difEerent  days  of  the  eiperimenta 
here  reported  are  given  in  column  f  of  table  193.  The  highest  observed  on 
any  day  was  that  on  the  second  day  of  experiment  No.  89,  i.  e.,  1.0338.  The 
lowest  for  any  day  was  on  the  second  day  of  experiment  Ko.  73,  1.0032.  In 
the  first  ease,  the  volume  of  urine  was  522  cc.,  while  in  the  second  it  was  2958 
cc.  On  certain  of  the  periods  even  lower  specific  gravities  were  observed  than 
that  in  experiment  No.  73.  Thus,  on  referring  to  table  94,  it  will  be  found 
that  the  specific  gravity  of  the  urine  for  the  period  from  1  p.  m.  to  7  p.  m., 
January  30,  was  1.0024.  The  volume  of  unne  during  this  period  was  888  ec. 
The  highest  specific  gravity,  1.0360,  observed  in  any  period  was  on  the  first 
day  of  experiment  No.  69.  The  amount  of  urine  for  this  period  was  63.1 
grams. 

The  urines  of  the  subject  S.  A.  B.  are  characterized  by  an  exceedingly  low 
specific  gravity  occasioned  by  the  large  volume  of  urine  incident  to  the  con- 
sumption of  so  large  an  amotmt  of  drinking-water.  Aside  from  these  exception- 
ally  low  records  all  the  specific  gravities  observed  come  well  within  wh^t  would 
be  termed  normal  limits.  There  is  nothing  like  the  constancy  exhibited  in  the 
fasts  of  Succi  in  any  of  the  experiments  save  Nos.  71  and  75. 

TOTAL  soLina. 
The  volume  and  specific  gravity  are  of  interest  only  because  together  they 
afford  a  means  of  measuring  the  relative  amounts  of  total  solids  in  the  urine, 
which  latter  have  not  oftftn  been  determined  directly  by  investigators.  Since 
it  seemed  desirable  to  know  more  of  the  actual  amount  of  these  solids,  especially 
during  fasting,  direct  determinations  of  them  were  made  in  the  experiments 
here  reported.  The  determination  of  the  total  solids  or  water-free  material 
was  made  as  a  rule  by  drying  the  urine  in  a  vacuum  to  constant  weight. 
Although  there  are  unquestionably  errors  in  this  method,  for  purposes  of 
relative  comparison  between  different  days  of  a  given  experiment  or  between 
different  experiments,  the  data  are  of  value.  The  largest  amount  of  total  solids 
recorded  in  any  experiment  is  that  on  the  second  day  of  experiment  No.  88, 
on  which  thtre  were  54.93  grama  *  eliminated.    The  smallest  amount  recorded 

*■  While  tlie  data  given  in  colvmn  o  of  table  198  sbow  that  In  experiment  No.  69 
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18  on  the  first  day  of  esperiment  Xo.  71  with  S.  A.  B.,  when  less  than  half  this 
amount,  i.  e.,  26.^1  grams,  via  eliminated.  Considering  the  averages  of  the 
eiperimentB,  the  lowest  amount  recorded  ia  in  experiment  No.  71,  34.99  grams, 
and  the  highest  amount  is  in  experiment  No.  59,  6S.93.  In  general  the 
average  amount  of  total  soliciB  during  the  different  experiments  is  not  far  from 
40  grams  per  day. 

On  the  individual  days  of  the  same  experiment,  there  is  usually  an  increase 
on  the  second  day  after  which  the  amount  remains  fairly  constant. 

An  inspection  of  the  data  of  the  different  esperimeute  with  Qie  same  subject, 
S.  A.  B.,  shows  an  average  dally  elimination  of  total  solids  as  follows:  Experi< 
ment  No.  71,  34.99  grams;  experiment  No.  73,  37.13  grams;  experiment  No. 
75,  44.22  grams;  and  experiment  No.  77,  51.35  grams.  Leaving  out  the  first 
day  of  each  of  these  experiments,  since  as  a  rule  it  is  lower  than  the  other  days, 
the  averages  become  38.15,  36.79,  45.15,  and  54.42  grams  respectively.  Conse- 
quently, it  appears  that  in  experiments  Nos.  71  and  73,  the  subject  S.  A.  B. 
eliminated  practically  the  same  amount  of  total  solids  each  day.  In  experiment 
No.  75,  there  was  an  average  elimination  of  nearly  10  grams  more,  while  in 
experiment  No.  77  the  average  amount  per  day  was  about  10  grams  greater  than 
that  during  experiment  No.  75. 

While  the  average  amount  per  day  of  total  solids  in  the  series  of  2-day 
experiments  ia  not  far  from  40  to  45  grams,  yet  individual  flnctnations  may  be 
very  considerable  as,  for  example,  in  the  2-day  experiment  No.  82,  in  which  on 
the  first  day  there  were  37.13  grams,  and  on  the  second,  54.93  grams. 

Ratio  of  tbe  Totai.  Bouds  to  thx  SPicmo  OaAvrrr. 

Knowing  the  volume  of  urine  excreted  per  day  and  having  an  accurate  record 
of  the  specific  gravi^,  it  is  possible  by  factors  to  compute  in  many  instances 
the  amount  of  total  solids.  This  method  of  computation  has  frequently  been 
used  for  the  approximations  of  the  clinician. 

The  various  organic  and  inorganic  substances  dissolved  in  normal  urine  have 
widely  varying  physical  properties  and  hence  solutions  of  varying  density. 
A  solution  of  100  grams  of  sodium  chloride  in  a  liter  of  water  has  a  density 
at  15°  of  1.073,  while  a  solution  of  urea  1  to  10  has  a  density  of  but  1.028. 

With  ordinary  conditions  of  diet,  however,  it  has  been  found  that  tbe  total 
solids  in  1  liter  of  urine  may  be  reasonably  approximated  by  multiplying 
the  last  two  figures  of  the  specific  gravity  (as  ordinarily  expressed  in  three 
decimal  places)  by  2.33.  Thus  660  cc.  of  urine  of  a  specific  gravi^  of  1.037 
would  contain  total  solids  as  follows :  27  X  2.33  X  -650  =  40.89.  It  is  stated 
by  some  writers,  that  if  the  specific  gravi^  is  less  than  1.018,  more  accurate 
reanlta  can  be  obtained  by  using  the  factor  2.0. 

In  normal  orines,  therefore,  tiiis  factor  is  by  no  means  constant.  Since 
determinations  were  made  of  volume,  specific  gravi^  and  total  solids  in  the 
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nriiiee  from  the  experimentB  here  reported  the  factor  for  nrines  from  fasting 
men  may  be  found  from  these  data. 

In  any  attempt  to  secure  an  accurate  ratio  between  the  amount  of  total 
solids  and  the  specific  grBvity,  it  is  important  that  all  specific  gravities  should 
be  taken  at  the  same  temperature.  Each  specific  granty  was  taken  at  20"  in 
the  Middletown  e:q>eriment8.  The  volume  of  urine  was  not  measured  but  waa 
computed  from  the  weight  and  the  specific  gravity.  Hence,  any  errors  ^t 
involve  the  determination  of  specific  gravity  would  cause  an  error  in  the 
volume.  TTsuaUy,  however,  it  is  difficult  to  see  hov  any  appreciable  error  on  the 
volume  could  be  made.  The  ratio  (r)  existing  between  the  total  solids  and 
the  specific  gravity  may  be  expressed  by  the  following  formula: 


in  which  (^r)  is  the  total  weigbt  of  solids  in  volume  (b)  of  urine. 

The  ratios  thus  computed  for  tiie  different  days  and  experiments  are  recorded 
in  table  193. 

The  lowest  average  ratio  is  that  of  experiment  No.  68,  ^.1 ;  the  highest  is 
that  of  experiment  No.  73, 3.4.  So  far  as  the  individual  days  are  concerned,  the 
lowest  ratio  is  that  of  the  first  day  of  experiment  No.  80,  S.3,  and  the  highest, 
the  second  day  of  experiment  No.  73,  4.1.  In  considering  the  values  for  the 
ratios,  it  must  be  borne  in  mind  that  in  experiments  Nob.  69  and  68,  the  total 
solids  for  individual  days  were  apportioned  by  calculation.  The  average  ratio 
for  all  of  the  experiments  is  somewhat  higher  than  that  commonly  assumed  for 
normal  urines. 

In  experiments  with  the  same  individual,  there  ore  also  marked  differences. 
The  ratio  for  experiment  No.  69  is  higher  than  that  for  experiment  No.  68, 
which  was  made  with  the  same  individual  some  8  months  earlier.  Id  the  series 
of  experiments  with  S.  A.  B.,  the  average  ratio  for  the  first  three  is  fairly 
constant,  3.0,  3.4,  and  3.3.  In  the  last  experiment  (No.  77),  the  average 
falls  to  2.6. 

In  the  longer  fasts  (experiments  Nos.  69,  71,  73,  75,  and  77)  the  average 
ratio  is  2.9.  Obviously  during  a  fast,  the  relative  amounts  of  organic  and 
inorganic  matter  in  the  urine  may  vary  considerably  from  those  obtained 
when  food  is  eaten.  The  amount  of  sodium  chloride  taken  with  the  food,  for 
example,  may  affect  considerably  the  specific  gravity.  As  has  been  pointed  out, 
the  specific  gravity  increases  much  more  in  proportion  with  an  increase  of 
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Tabu  198.— AeloMcMu  betvecn  amotmU  of  drinkinff-water.  voter  in  urine,  specific 
graviti/,  and  total  aoIM  manor  In  mctabOtitM  experimentt  vittiovt  foot— 
Continued. 
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CoKnrmmB  or  Total  SoLnia. 
To  interpret  intelligently  the  elimination  of  total  solids,  it  is  necessarj  to 
make  a  more  carefol  stndy  of  the  constituents  of  the  solid  matter  in  orine. 
The  eliminalion  of  the  total  qnanti^  of  solids  in  the  urine  dnring  inanition  ia 
affected  in  no  slight  measure  by  the  amonnis  and  character  of  the  food  for  the 
day  or  two  preceding  the  fast.  This  is  especially  true  on  the  first  days  of 
fasting.  If  considerable  amounts  of  sodium  chloride  are  taken  with  the  food, 
this  will  be  excreted  more  or  less  rapidly  on  the  first  days  of  the  fast  It 
ia  important,  therefore,  to  determine  if  possible  the  nature  of  the  total  solids 
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eliminated.  It  is  very  nmch  to  be  regretted  that  complete  proximate  analyses 
of  urine  could  not  hare  been  made,  as  Bocli  data  would  nodonbtedly  make  mnch 
clearer  many  troublesome  points  which  arise  in  interpreting  the  resnlts  of  the 
partial  urinary  analysea  that  were  possible. 

Ash. — In  addition  to  the  total  solids,  the  asfa  was  determined  by  incinerating 
Qa  dried  material  at  as  low  a  temperature  aa  posaible,  extracting  the  charred 
mass  with  water,  and  igniting  the  carbonaceous  material.  The  aqueons  extract 
was  evaporated  to  small  bulk,  added  to  the  ignited  residue,  and  after  com- 
pleting the  evaporation,  the  mass  was  dried  for  a  few  moments  at  a  low  red 
beat.  Admittedly  the  errors  in  this  determination  are  snch  as  to  make  it 
only  approximate,  and  the  results  are  valuable  only  for  the  purposes  of 
compariaon,  but  since  the  same  method  was  followed  with  all  ezperimenta> 
compariaona  probably  have  more  value  than  would  be  the  caae  if  different, 
though  evra  more  accurate  methods,  had  been  employed  to  determine  the  total 
Bolida  and  ash  in  the  different  experiments.  The  quantities  of  total  solids  are 
recorded  in  column  g  of  table  193.  The  total  ash  as  determined  is  recorded  in 
table  194. 
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As  haa  been  pointed  out  before,  the  ash  in  experiments  Ifoa.  69  and  68, 
was  apportioned  over  the  different  days,  and  hence  the  figures  do  not  represent 
actual  determinationa.  In  all  subsequent  experiments,  the  ash  and  total  solids 
for  each  day  were  determined. 

Delaying  for  the  present  the  discusBion  of  the  constitaents  of  ash,  the 
total  ash  determinations  are  of  value  in  showing  what  proportion  of  the  total 
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solids  were  of  inorganic  nature.  The  lowest  amount  of  total  ash  recorded 
is  on  the  last  day  of  experimect  No.  75,  5.27  grains;  the  highest  amoimt  is  on 
the  first  day  of  experiment  No.  80, 18.93  grams.  While  the  amount  of  ash  per 
day  remains  fairly  constant  in  the  longer  fasting  experiments,  and  except  in 
experiments  No.  68  and  No.  77,  never  exceeds  10  grams  per  day,  in  the  series  of 
S-daj  fasts,  beginning  with  No.  79,  much  larger  amoonta  of  ash  are  eliminated, 
the  lowest  average  being  8.46  grams,  in  experiment  No.  83  and  the  highest, 
15.73  grams,  in  experiment  No.  80. 

In  the  case  of  all  the  long  fasting  experiments  except  Nob.  68  and  77, 
the  ash  elimination  is  not  far  from  6  to  7  grams  per  day.  On  the  first  day 
of  experiment  No.  73,  there  is  an  unusually  large  amount  of  ash,  9.96  grams, 
while  on  the  second  day,  it  immediately  falls  to  6.83  grams.  In  experiment 
No.  68,  the  ash,  although  possibly  erroneously  distributed  over  the  two  days, 
is  neveriibeless  for  the  average  of  the  two  days  relatively  large,  and  in  experi- 
ment No,  77,  the  asb  elimination  varies  from  13.88  grams  on  the  iirst  day  to 
9.14  grams  on  the  last  day. 

Comparing  experiments  with  the  same  subject,  it  may  be  seen  tiiat  the  a^ 
in  experiment  No.  69  is  but  a  little  more  than  half  as  large  as  in  the  earlier 
experiment.  No.  68,  while  with  the  series  of  experiments  with  S.  A.  B.,  the  ash 
is  practically  constant  at  not  far  from  6  grams  for  all  save  the  last  experiment. 
No,  77,  in  which  the  average  elimination  is  over  11  grams.  In  the  series  of 
S-day  experiments,  the  ash  is  usnally  smaller  on  the  second  day  than  on  the 
first,  although  marked  exceptions  to  this  rule  are  seen  in  experiment  No.  79, 
and  especially  No.  82. 

It  is,  however,  necessary  to  consider  the  data  regarding  the  elimination  of 
sulphur,  phosphorus  and  chlorine  for  an  intelligent  interpretation  of  the 
elimination  of  ash. 

The  only  data  regarding  the  ash  elimination  during  fasting  with  which 
we  are  familiar  are  the  quantities  in  the  urine  of  J.  A.  (9).  On  the  last 
day  with  food  the  total  ash  of  urine  amounted  to  23.0  grams ;  on  the  5  fasting 
days  the  total  ash  eliminated  was  14.7,  6,7,  5.7,  5,0,  and  4.5  grams,  respectively. 

Although  complicated  by  the  fact  that  considerable  amounts  of  sodium 
chloride  were  taken  with  some  meat  extract  on  each  day  of  the  experiments 
reported  by  Pettenkofer  and  Toit,"  the  ash  determinations  are  here  given. 
For  the  three  one-day  fasting  experiments  the  amonnta  were  19.7,  18.89,  and 
14,40  grams,  respectively. 
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amount,  eapecially  on  the  firBt  days  of  a  fast,  it  is  important  to  Bee  vhat 
variations  exist  in  the  actnat  amounts  of  organic  matter  excreted  per  day. 
Since  the  organic  matter  is  made  up  in  large  part  of  nitrogen  containing 
material,  it  may  be  taken  as  a  rough  measure  of  the  amount  of  protein  metab- 
olism, and  therefore  measurements  of  this  total  amount  are  of  especial  interest 
The  total  organic  matter  of  the  urine  is  estimated  by  deducting  the  weight 
of  ash  from  the  weight  of  total  solids,  and  hence  the  values  thus  obtained  are 
affected  by  the  errors  incidental  to  the  determinations  of  both  ash  and  total 
solids.  In  determining  total  solids,  it  is  probably  true  that  the  analyses  give 
resolte  which  are  somewhat  too  low,  since  even  in  drying  in  a  vacuum,  there  is 
unquestionably  loss  of  material.  It  is  likewise  true  that  in  the  detenniuation 
of  crude  ash  there  must  be  more  or  less  volatilization  of  inorganic  material 
which  tends  to  make  the  results  for  crude  ash  too  low.  Hence  it  is  seen  that 
the  two  most  striking  errors  in  the  determinations  of  these  two  factors  may 
be  said  to  more  or  less  compensate  when  the  values  thus  obtained  are  used 
for  the  indirect  determination  of  the  total  organic  matter.  It  is  reasonable 
to  suppose  then,  that  the  determinations  of  organic  matter  are  approximately 
correct.  Furthermore,  as  has  been  pointed  out  previously,  since  the  same 
method  was  employed  for  all  experiments  the  results  are  strictly  comparable. 
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The  amounts  of  organic  matter  found  by  deducting  the  total  ash  from  tho 
total  solids  are  recorded  for  each  day  of  each  experiment  (table  195).  It 
is  here  to  be  noted  that  the  apportionments  of  the  total  organic  matter  on 
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the  difterent  days  of  experiments  Nob.  69  and  68,  are  open  to  th«  same 
objection  as  has  been  pointed  out  before,  namely,  that  they  are  mathematical 
apportionmoits  and  do  not  represent  actual  determinations. 

The  irregularity  in  the  amounts  of  ash  climated  on  the  different  days  of 
the  difEerent  fasts,  is  likewise  notfid  in  the  amounts  of  total  organic  matter. 
The  lovest  amount  of  organic  matter,  17.86  grams,  is  on  the  first  day  of  experi- 
ment No.  71,  while  the  highest  amooot,  49.03  grama,  is  that  mathematlcany 
apportioned  to  the  third  day  of  experiment  No.  69.  The  largest  amount 
actually  determined,  45.45  grama,  is  on  the  last  day  of  experiment  No.  77. 
Theee  limits,  however,  do  not  give  a  correct  idea  as  to  the  relatave  constancy 
which  seems  to  obtain  in  almost  all  the  experiments  with  regard  to  the  total 
amount  of  organic  matter  eliminated.  In  general  the  amount  ranges  some- 
where between  30  and  40  grams.  The  greatest  discrepancy  generally  appears 
on  the  first  day  of  the  longer  fasts,  after  which  the  amount  remains  fairly 
constant  for  the  different  days  of  the  fast  In  all  the  experiments,  the  amount 
is  larger  on  the  second  day  than  on  the  first. 

In  the  fasts  with  S.  A.  B.,  the  amonnte  of  organic  matter  per  day,  especially 
after  the  first  day  are  worthy  of  note.  Excepting  the  first  day,  in  ezperimenti 
Nob.  71  and  73  the  average  amount  is  not  far  from  30  grams.  It  is  about  38 
grams  in  experiment  No.  75,  while  in  experiment  No.  77,  the  total  amount 
of  organic  matter  per  day  for  the  last  three  days  rises  to  nearly  44  grams,  thua 
indicating  that  although  on  the  second  and  succeeding  days  of  fasting  the 
amount  is  relatively  constant,  there  may  be  wide  variations  during  different 
fasts  with  the  same  subject,  variations  fully  as  wide  as  those  obtained  in  the 
S-day  fasts  with  different  subjects.  It  is  noticeable  that  while  the  variations 
from  day  to  day  in  the  same  fast  after  -Qie  first  day  are  insignificant,  such 
gross  variations  between  different  experiments  with  the  same  subject  obtain. 

The  determinations  of  total  solid  matter  and  ash  in  the  urine  of  three  one- 
day  fasting  experiments  reported  by  Fettenkofer  and  Yoit'  permit  a  compu- 
tation  of  the  amounts  of  organic  matter.  On  the  three  days  there  were  excreted 
39.83,  S6.26,  and  31.89  grams  of  organic  matter,  respectively. 

Further  discussion  of  the  oi^anic  matter  of  urine  will  be  found  with  the 
data  for  the  amounts  of  nitr(%en,  carbon,  hydrogen  of  organic  matter,  and  the 
proximate  constituenta  of  the  urine. 

Pbopobtioks  07  Ash  anb  OaaAino  Uati^  ni  Totai.  Solim. 

The  greater  amount  of  mineral  matter  excreted  on  the  first  days  of  the  fsst 
produces  wide  variations  in  the  proportions  of  organic  and  inorganic  consti- 
tuents of  the  total  ash.  In  columns  i  and  /  of  table  193,  the  proportions  of 
ash  and  organic  matter  in  the  total  solids  are  given.  With  the  aid  of  these 
proportions  the  wide  variations  in  the  ratio  between  the  total  solids  and  the 
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Bpea&e  gnvity  dieciiBBed  od  page  364  can  beet  be  interpreted.  The  proportion 
of  asli  in  total  Bolide  is  aa  a  rale,  greateet  on  the  first  day  and  markedly  less 
on  the  second  day.  In  the  longer  fasts  the  proportion  is  relatively  constant 
after  the  second  day,  although  in  experiment  No.  77,  an  onnsnally  high 
perc^tage  of  mineral  matter  was  excreted  on  all  four  days.  A  ratio  apparently 
exists  between  the  proportion  of  mineral  matter  shown  in  colamn  t  and  the 
relation  between  specific  gravity  and  total  solids  as  given  in  colamn  Ji  of  the 
table.  The  higher  the  percentage  of  ash  in  the  total  solids,  the  lower  the  ratios 
shown  in  colamn  h.  This  is  especially  noticeable  in  considering  different  days 
of  the  same  experiment,  bnt  does  not  obtain  for  different  experiments  even 
with  the  same  sabject.  In  the  shorter  fasts  the  ratio  between  colnmns  i  and  h 
is  more  nearly  nniform.  Indeed,  even  from  experiment  to  experiment  and 
with  different  snbjects,  the  general  rule  may  be  noted  that  the  higher  the  data 
in  colamn  t,  the  lower  the  corresponding  data  of  colamn  h.  Thas  the  highest 
percentage  of  ash  is  46  on  the  first  day  of  experiment  No.  SO,  and  the  lowest 
relation  observed  in  the  shorter  experiments  was  2.3  on  the  same  day. 
Similarly,  while  the  lowest  percentages  of  ash  occurred  on  the  second  days  of 
experiments  Nos.  83,  85,  and  89,  the  highest  ratios  of  total  solids  to  specific 
gravity  were  observed  on  these  days.  These  observationB  are  fally  in  accord 
with  ihe  well  known  fact  that  the  densi^  of  solutions  of  eodinm  chloride  (a 
typical  nrine  salt)  is  greater  than  that  of  solations  containing  equal  weights  of 
urea  (a  typical  organic  urinary  constituent). 

NITBOGEIT. 

The  eliminatioa  in  ttie  urine  of  the  partially  oxidized  protein  in  the  form 
of  a  number  of  nitrogenous  products  has  given  to  the  determination  of  nitrogen 
an  especial  significance. 

In  all  the  earlier  fasting  experiments,  the  stndy  of  the  nitrogenous  ingre- 
dients of  the  urine  has  received  by  far  the  greatest  attention  of  any  individual 
factor.  The  collection  and  analysis  of  urine  were  comparatively  simple  matters, 
while  the  analyses  of  the  respiratory  products  were  in  general  precluded. 
Consequently  we  find  in  the  literature  of  the  subject  a  large  ntimber  of  deter- 
minations of  nitrogen  in  fasting  urines  which  are  of  especial  interest  in 
discussing  the  nitrogen  elimination  in  the  experiments  here  reported. 

Becent  investigations,  notably  those  of  Folin,  have  shown  the  importance  of 
determining  not  only  the  total  nitrogen  but  also  the  different  nitrogenous 
ingredients,  and  of  apportioning  the  nitrogen  among  these  ingredients.  In 
earlier  experiments,  however,  the  partition  of  the  total  nitrogen  was  not 
attempted  and  in  the  Middletown  experiments  here  reported,  it  was  impossible 
to  determine  the  nitrogenous  compounds  directly,  except  in  the  instances  where 
the  determinations  of  creatine  and  creatinine,  and  a  very  few  of  uric  acid,  were 
made. 
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Total  NtTBOora. 
In  mao;  of  the  earlier  ezperiments  on  fasting  made  before  the  deTelopment 
of  the  Ejeldahl  method,  urea,  the  chief  nitrog^unis  product  of  the  otine, 
was  determined  either  by  the  liebig  method,  or  by  the  fiction  of  sodium 
hypobromite,  and  the  reeulta  thoe  obtained  were  conaidered  as  the  measnre  of 
the  total  nitrogen  elimination,  although  it  is  now  recognized  that  other  nitro- 
genous ingredienta  which  are  not  precipitated  hy  mercury  salts  or  decomposed 
hy  sodium  hypobromite  are  present  in  all  nrinee.  Indeed  even  in  the  long 
experiment  with  Sued  at  Florence,  the  method  for  determining  nitrogen  wis 
distinctly  open  to  objection,  as  has  been  pointed  out  by  Hunt  (7). 
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■  Reported  br  A.  Keller,  Zelt  t.  pli;iloL  of  comparlaoa.  Since  the  aatbora  do  not 
Cbemle  (1000),  M,  p.  165.  Eire   the  method  employed,   no   attempt  U 

*The  flEorei  In  tbia  colamo  ate  cl*en  aa  here  made  to  correct  the  flgiina. 

corrected  by  Munk  (7),  p.  118.  'Anoaot  (or  2  daj*. 

The  urea  determinations  in  these  earlier  experiments  are  therefore  of  little 
value  for  comparison  with  results  obtained  by  the  Kjeldfdil  method,  but  they 
do  serve  to  show  the  approximate  relative  amount  of  urea  on  the  different  days 
of  the  same  experiment. 

Munk  (7)  has  collected  the  references  to  the  older  literature  of  the  excretion 
of  nitrogen  (usually  expressed  as  urea)  in  the  fasting  insane,  cases  of 
cesophagns  Btrictnre,  etc. 

The  subjects  were  in  nearly  all  cases  of  small  body-weight  and  the  nitrogen 
output  was  frequently  as  low  as  four  grams. 

These  figures  are  of  value  in  indicating  the  possibilities  of  a  minimum  proteid 
katabolism,  but  the  results  of  the  determination  of  the  nitrogen  ou^at  of 
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persons  in  normal  health  made  with  modem  methods  of  analysis  are  of  much 
greater  interest  in  connection  with  a  discussion  of  the  results  obtained  in 
the  M iddletown  ezperimentA. 

The  results  of  the  more  recent  fasting  experiments  are  given  tn  table  196. 
Although  the  nitrogen  excretion  per  kilo  of  body-weight  is  not  given  in  the 
table,  the  data  are  readily  obtained  since  the  body-weight  at  the  beginning  of 
the  fast  **  is  given  in  the  column  headings. 

Banlce  **  made  three  experiments  on  himself  while  fasting.  Each  experiment 
lasted  one  day.  The  amounts  of  nitrogen"  eliminated  were  10.4,  8.0,  and  8.6 
grams,  respectively.    In  the  last  experiment  no  water  was  taken. 

Pettenkofer  and  Voit "  reported  three  experiments,  each  continuing  one  day 
in  which  the  subject  took  no  food  other  than  a  small  amount  of  meat  extract. 
The  extract  contained  1.3,  1.3,  and  1.7  grams  of  nitrogen  on  the  three  days. 
The  excretion  of  nitrogen  in  the  urine  was  12.5  (7.42  day,  5.09  night),  13.3 
(6,72  day,  5.55  night)  and  12.3  (5,55  day,  6.21  night)  grams,  respectively. 
From  10  to  15  grams  of  common  salt  were  taken  in  connection  with  the  meat 
extract.  In  the  first  two  experiments  the  subject  was  resting,  in  the  last  he 
performed  considerable  muscular  work.  In  both  Eanke's  and  Pettenkofer  and 
Voifs  experimenta,  the  determination  of  nitrogen  was  made  by  the  Liebig 
method  and  hence  did  not  represent  the  totel  urinary  nitrogen. 

It  is  a  matter  of  historic  interest  that  the  first  experiment  made  with 
Pettenkofer's  respiration  apparatus  was  that  of  Eanke  studying  the  metabolism 
during  inanition. 

Likhachev  **  in  a  one-day  fasting  experiment  found  the  total  nitrogen  output 
to  be  8.52  grams. 

In  a  2-day  fast  Kitter "  found  that  the  subject  excreted  11.68  and  12.96 
grams  of  nitrogen,  respectively. 

In  fasting  experimente  made  in  this  laboratory  and  reported  elsewhere,**  the 
nitrogen  excretion  on  the  first  day  of  fast  in  four  experimenis  was  11.5,  16.0, 
14,1,  and  11.7  grams,  respectively.  The  experiments  were  all  made  with  the 
same  subject.  The  first  was  after  a  carbohydrate  diet  during  4  days  of  rest;  the 
second  after  a  4-day  work  experiment,  in  which  the  diet  consisted  largely  of 
fate;  the  third  likewise  followed  a  4-day  work  experiment  with  a  fat  diet; 
and  the  fourth  was  the  first  day  of  a  2-day  fast  experiment  following  a  day 
of  rest.    On  the  second  fasting  day  12.2  grams  of  nitrogen  were  excreted. 

*■  In  computing  the  nitrogen  excreted  per  kilo  of  body-weight  tbe  average  bodr- 
welght  for  each  Hay  of  the  fast  should  be  used  to  secure  the  greatest  accuracy. 
Theae  weights  may  he  obtained  by  means  of  the  daily  losses  shown  in  tables  184 
and  185. 

"Archiv  Anat.  u.  Physiol.  (1862),  p.  340. 

*  The  total  nitrogen  was  compnted  from  the  weights  of  urea  and  uric  acid  found. 
"Zeit  f.  Biol,  (1S66),  8,  p.  4TS. 

"Dissertation  St  Peterebnrg  (1E93). 

*  Rltter,  Mflnchener  medic.  Wochenschr.,  1893,  Nob.  31  and  32. 
•U.  S.  Dept  of  Agr.,  Office  of  Expt.  Sta.  Bui.  136,  p.  120  (1903), 
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Woods  &  Merrill"  report  the  average  daily  nitrogen  excretion  in  a  two- 
day  fast  as  11.96  grams. 

Bosemann  "  found  9.89  grams  of  nitrogen  in  the  nrine  on  tlie  first  day  of  a 
fast. 

In  cooperation  with  Dr.  A.  R.  Diefendorf  the  writer  has  presented  •  the 
resolts  of  a  6-clay  fast  with  an  insane  woman  weighing  50  kilos.  The  daily 
nitrogen  output  was  4.19,  6.05,  6.38,  6.93,  6.16,  and  4.41  grams. 

Bmgseh  and  Hirsch  f  have  reported  the  total  nitrogen  ontpnt  of  a  profes- 
sional fasting  woman  weighing  56.3  kilos  from  the  second  to  the  sixteenth  day 
of  fasting.  The  ontpnt  for  the  successive  days  of  fasting  beginning  with  the 
second  was  8.41,  6.59,  7.78,  7.86,  7.83,  7.13,  6.20,  5.40,  4.38,  5.17,  5.38,  8.11, 
5.96,  5.10,  and  4.07  grams  respectiTely. 

Dr.  Otto  Folin  t  reports  the  total  nitrogen  ontpnt  on  six  days  with  a  fasting 
man  weighing  50  kilos  as  4.4,  6,5,  7.7,  10.8,  11,0,  and  12.8  grams  respectively. 

The  total  nitrogen  excretion  for  each  24  honra  of  the  fasting  experiments 
here  reported  is  given  in  tahle  197.  For  the  details  of  the  amounts  of  nitrogen 
excreted  dnring  the  different  periods  of  the  day,  reference  is  made  to  the  tables 
in  the  statistical  data  for  the  experiments  and  to  table  198. 

The  results  of  the  nitr(^en  determinations  in  the  orine  of  the  subjects  in  the 
experiments  made  in  this  laboratory  here  reported  show  that  the  nitrogen  elim- 
inated on  the  first  day  of  fasting  ranges  from  6.84  grams  in  experiment  Ko.  71 
to  13.35  grams,  in  experiment  No.  83.  The  average  for  the  first  day  for  all 
the  experiments  is  10.03  grams.  The  unnsnally  small  amount  of  nitrogen 
eliminated  in  experiment  No.  71  has  been  the  subject  of  much  investigation. 
An  examination  of  the  stotistical  tables  shows  that  on  that  particular  day, 
the  nitrogen  detorminations  by  periods  and  in  the  composito  sample  agree  as 
well  as  conld  possibly  be  expected.  The  weight  of  total  solids  observed  on  thia 
day  is  lower  than  on  any  other  day  of  fasting  (see  column  g  of  table  193),  and 
the  weight  of  organic  matter  (see  table  196)  for  this  day  ia  likewise  much  lower 
than  on  any  other  day.  Hence  there  seems  to  he  no  doubt  that  there  was 
an  unnsnally  low  excretion  of  nitrogenous  material  in  the  urine  on  this  day. 

It  is  also  of  interest  to  note  in  this  connection  that  the  largest  amount  of 
organic  mattor  on  the  first  day  of  the  fasting  experiments,  aside  from  the 
imperfectly  apportioned  amount  in  experiment  No.  69,  is  fonnd  on  the  first  day 
of  experiment  No.  83,  i.  e.,  it  corresponds  with  the  largest  excretion  of  nitrogen. 

Considering  experiments  with  the  same  individual,  S.  A.  B.,  in  experiment 
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The  emallest  amount  of  nitrogen  excreted  on  any  day  waa  5.84  grams  on  the 
first  day  of  experiment  No.  71. 


Tabu  lil.—Jiitrogen  excntei  In  urine  in  metabolitm  expertmentt  vHthout  fooa. 


ofwy 


kilo- 
□Fbod; 


}.  F.  D.,  Dec.  18-20, 1903. . . . 
L.  L.  L.,  Apr.  27-28, 1904. . . , 
LL.L.,Dec.l6-I9,l&04.... 

1.  A.  B.,  Jan.  7-10, 190fi 

).  A.  B.,  Jan.  28-Feb.  1, 1905 

I.  A.  B.,  Mar.  4-10, 1906 

i.A.B.,Apr.8-ll,1905 

I,E.8.,Oct.l3-U,1905.... 
;.  R.  Y.,  Oct.  27-28, 1905. , 
LH.M.,  Not.  21-22, 1905. 
I. C.  K.,  Nov. 24-25, 1906... . 
3.  R.  D.,  Deo.  6-6, 1906. . . 
*.M.  P.,  Dec.  9-10, 1905.. 
}.W.,  Jan.  10-11,1906... 


Omf.  Ormt. 
U. II  0.213 

13.03,  .184 
14.26 
11.04 

11.97  .208 

12-45^  .211 

10.78,  .179 

14.35,  .259 

",95,  .149 

13.06  .216 

14.36  .206 

13.63  .248 

11.35:  .173 


Average 10.03  0.156   12.760.20213.08  0.21311.440. 


BnbJMt  and  duntloD  of 


-^t 


bodv 
wiiiibt 


i& 


'Detarmlned  for  arliie  ■pilled.    Bm  p.  248. 

In  the  records  of  the  oitrogen  output  during  fast  giren  in  table  196, 
aside  from  the  oscorrected  low  figures  of  the  Kaples  fast  of  Sued,  the  lowest 
nitrogen  excretion  is  6.67  grams  on  the  second  day  with  "  J."  The  observa- 
tions during  the  eartieT  days  of  fasting  of  so  low  an  amount  of  nitrogen 
in  the  mine  of  the  subjects  "J"  and  "  S.  A.  B."  are  strikingly  exceptional. 
Et«i  with  the  fasting  girl.  Flora  Tosca,  presumably  of  smaller  body-weight,  the 
nitrogen  excretion  ia  larger  than  in  the  two  instances  cited  above. 

The  laigest  amount  of  nitrogen  excreted  on  any  fasting  day  in  the  Middle* 
town  e^tmmenta  is  15,04  grams  on  the  third  day  of  ezperim^  No.  69. 
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While  the  data  in  table  196  show  that  in  general  the  excretion  of  nitrogen  is 
lees  ae  the  fast  progresses,  tbe  determinatioD  of  21.58  grama  of  nitrogen  in  the 
urine  of  Sohn,  on  the  eighth  da;  of  fast,  is  remarkable  aa  being  the  largest 
excretion  of  nitrogen  thna  far  observed  with  any  fasting  man. 

It  should  further  be  noted,  that  inasmuch  as  Sohn  was  well  nourished  at 
the  beginning  of  the  fast  and  the  experiment  continaed  but  eight  days,  we 
hare  not  here  to  do  with  the  premortal  rise  in  nitrogen  excretion  occasionally 
observed  in  animals  after  a  prolonged  fast. 

Excretion  of  nitrogen  on  days  preceding  fast. — In  discoseing  the  nitrogen 
excretion  during  fasting,  the  excretion  on  the  day  preceding  the  fast  is  of  value 
in  showing  tiie  rate  of  elimination  when  the  ingestion  of  food  ceased,  since 
a  large  nitrogen  excretion  on  the  day  preceding  the  fast  would  indicate  a  large 
nitrogen  consumption.  In  certain  cases  the  subjects  of  fasting  experiments 
have  made  a  special  effort  to  eat  an  unusoal  amount  on  the  day  before  the  fast 
as  a  preliminary  to  the  fast.  Thus,  the  hypnotic  subject  of  Hoover  &  SoUman 
(8)  excreted  20.98  grama  of  nitrogen  on  the  day  before  the  fast  began,  while 
on  the  first  day  without  food  tbe  nitrogen  excretion  fell  to  12.37  grams.  The 
nitrogen  excreted  by  Landergren  was  19.71  grams  on  the  day  before  the 
fast  and  13.60  grams  on  the  first  day  of  the  fast  Perhaps  the  most  marked 
difference  in  the  excretion  of  the  nitrogen  on  the  day  before  the  fast  and  the 
first  fasting  day  thus  far  recorded  is  that  of  J.  A.,  in  the  Stockholm  laboratory 
(9),  the  nitrogen  on  tbe  first  day  of  the  fast,  13.04  grams,  being  but  a  little 
more  than  one-half  that  excreted  on  the  day  before  the  fast,  namely,  22.41 
grams. 

In  nearly  all  of  the  Middletown  experiments,  the  subjects  were  cautioned 
not  to  eat  heartily  during  the  day  preliminary  to  a  fast,  and  to  eat  no  meat 

It  was  possible  in  many  cases  to  measure  the  nitrogen  excretion  on  the  day 
preceding  the  fasting  period. 

For  use  in  interpreting  the  results  of  the  fasting  days  all  the  data  available 
for  the  nitrogen  determinations  for  the  day  before  the  fast  and  made  in 
connection  with  these  experiments  are  here  given.  In  a  number  of  instances, 
only  the  urine  for  the  12  hours  before  the  fast  began,  was  analyzed.  In  others, 
the  analyses  are  made  in  the  usual  four  periods  for  the  day,  the  data  being 
given  in  full  below. 

An  examination  of  the  data  obtained  with  the  subject  S.  A.  B.  for  the 
preliminary  night  or  day,  shows  that  on  the  day  preceding  the  first  fast  day  of 
experiment  No.  71  the  subject  excreted  3.21  grams  of  nitrogen  between  7  p.  m. 
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therefore,  the  nitrogeD  excretion  was  over  twice  that  of  the  night  preceding 
experiment  No.  71.  The  correaponding  elimination  on  the  first  da;  of  the  faat 
is  also  twice  ae  great  as  in  experiment  No.  71. 

On  the  day  preceding  experiment  No.  76,  S.  A.  B.  excreted  19.495  grams 
of  nitrogen,  and  the  greatest  elimination  of  nitrogen  on  the  first  day  in  his 
fasts  octnirred  in  this  experiment. 

PreHntttori'  mtrogem. 

Mo.  59.  Dec.  17-18,  1903:               gnmt.  No.  76.  Mar.  3-4,  1906:                  ai«ns. 

7  p.  m.  to    7  a.  m. . . .  6.234  7  a.  n.  to    7  p.  m. . .  .11.239 

No.  68.'  Apr.  2S-26,  1904:  7  p.  m.       11  p.  m. . . .  2.893 

7  a.  m.  to    1  p.  m 4.S32  11  p.  m.        7  a.  m 6.363 

Ip.  m.        7  p.  m 6.098  Total  for  24  hours.. 19.496 

7p.m.       11  p.  m 8.802  No.  77.  Apr.  7-8,  190E: 

11  p.  m.        7  a.  m. . . .  G.T20  7  a.  m.  to    1  p.  m 3.104 

Total  for  24  honra.  .18.462  1  p.  m.        7  a.  m 8.269 

Apr.  26-27, 1904  (2d  day.  Total  for  24  houra.  .11.363 

No.  67):  No.  79.  Oct  12-13,  1906: 

7  a.  m.  to    1  p.  m. . . .  3.766  7  p.  m.  to  11  p.  m. . . .  1.96 

1  p.  m.        7  p.  m. . . .  4.714  11  p.  m.        8'>33<»  a.  m.  2.70 

7  p.  m.       11  p.  m 2.991  No.  80.  Oct.  26-27,  190E: 

11p.m.        7a.ni 4.949  7  a.  m.  to  7  a.  m 7.78 

Total  for  24  bours.. 16.420  No.  81.  Nor.  20-21,  1906: 

No.  71.  Jan.  6-7,  1906:  7  a.  m.  to  7  a.  m 8.61 

7  p.  m.  to  11  p.  m .702  No.  82.  Not.  23-24,  1906: 

11p.m.         7a.m 2.G08  7  a.  m.  to  7  a.  m 11.20 

No.  73.  Jan.  27-28,  1905:  No.  83.  Dw.  4-5,  1)06: 

7a.m.tO    1p.m....  1.846  7  a.  m.  to  7  a.  m 8.719 

1  p.  m.        7  p.  m. . . .  3.604  No.  86.  Dec  8-9,  1906: 

7  p.  m.       11  p.  m. . . .  2.949  7  a.  m.  to  7  a.  m 16.597 

11  p.  m.         7  a.  m. . . .  4.204  No.  89.  Jan.  9-10,  1906: 

Total  (or  24  hoars.  .12.602  T  a.  m.  to  7  a.  m 13.684 

■  BxpartDnntNo.ffifoUowedlmmedUtelrNo.  n.arettexparlmentwllb  food. 

Forthermore,  on  the  day  preceding  ezperiment  No.  77  the  nitrogen  elimi- 
nation was  11.363  grams,  while  the  nitrogen  excretion  on  the  first  day  fell 
to  8.81  grams.  So  far,  therefore,  as  the  different  experiments  with  the  same 
BQbject  are  concerned  there  would  appear  to  be  a  relationship  existing  between 
the  nitrogen  elimination  of  the  day  preliminary  to  the  fast  and  the  nitrogen 
secretion  of  the  first  day. 

When  the  series  of  8-day  fasting  experimenta  iox  different  indi'iduaU  is 
considered  the  relationship  is  by  no  means  as_  c^eal-  "^^  largest  elimination 
on  the  day  prior  to  the  fast  was  that  in  eipe^j^ment  No.  85,  16.597  grams, 
and  yet  the  nitrozen  elimination  on  the  first  dav  ^t  the  fast  was  nearly  %  grama 
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TTnfortaiiatel;  in  the  eeriee  of  S-da;  f asta,  duplicate  ezperimeiits  were  not  made 
with  the  aame  anhject,  and  hence  it  ie  not  possible  to  aubataotiate  for  the  same 
iDdividual  the  vide  variation  between  the  amounts  of  nitrogen  excreted  on  the 
preliminary  day  and  the  first  day  of  the  faat. 

It  IB  furthermore  much  to  be  regretted  that  the  data  are  also  lactdng  for  this 
comparison  in  the  several  fasts  made  by  Sueci. 

Prauenitz  (9),  in  a  critical  discusaion  of  the  subject,  reports  two  experiments 
made  with  the  same  subjects  in  which  the  food  on  the  day  before  tiie  fast 
contained  a  much  larger  amount  of  protein  in  one  case  than  in  the  other.  The 
effect  of  the  ingestion  of  increased  amounts  of  protein  on  the  nitrogen  excretion 
of  the  first  fasting  day  is  very  evident. 

In  fifteen  Z-daj  fasting  experiments  on  13  different  subjects,  Pransnitz 
observed  a  nitrogen  excretion  on  the  first  day  of  the  fast  varying  from  4.6  " 
to  17.3  grams. 

Sadovyen  (2)  reports  also  &  second  experiment  with  "J"  in  which  the 
subject  fasted  3  days  without  drinking  water.  The  nitrogen  excretion  in  the 
urine  was  for  the  day  before  the  fast,  20.843  grama;  for  the  first  day  of  fast, 
13.6  grams;  and  for  the  second  fasting  day  11.65  gr&ma. 

It  is  imdoubtedly  true  that  the  nitrogen  of  protein  ingested  ie  not  completely 
eliminated  for  some  36  hours,  yet  it  is  nevertheless  a  fact  that  a  large  excretion 
of  nitrogen  on  the  day  preceding  a  fast  may  not  necessarily  be  accompanied  by 
a  similar  excretion  of  nitrogen  on  the  first  fasting  day. 

Although  the  nitrogenous  excretion  in  the  urine  of  the  first  fasting  day 
is  influenced  to  a  marked  degree  by  the  protein  ingestion  of  the  day  prior  to 
the  fast,  the  amounts  of  nitrogen  eliminated  on  the  second  day  of  the  experi- 
ments (table  197),  are  mnch  more  nearly  constant  ranging  from  9.95  grams 
in  experiment  No.  80  to  14.46  grams  in  experiment  KTo.  89.  The  average  for 
all  the  experiments  is  13.76  grams.  Comparison  of  experiments  with  the  same 
subject  (S.  A.  B.)  shows  that  the  nitrogen  excreted  in  experiment  No.  77  on 
the  second  day  was  10.78  grams  and  in  experiment  No.  76,  13.45  grams.  On 
the  second  day  of  the  other  two  experiments  (Nos.  71  and  73)  wiUi  S.  A.  B., 
it  was  11.04  and  11.97  grams,  respectively.  Thus,  while  marked  variations  in 
the  total  qnontiiy  of  nitrogen  eliminated  on  the  first  day  of  the  faat  are 
observed  in  experimenta  with  different  individuals  and  in  experiments  with  the 
same  individual,  on  the  second  day  of  the  fast  the  maximum  diff««nce  in  the 
amonnt  of  nitrogen  excreted  by  the  same  individual  in  four  fasts  was  but  1.7 
grams. 

Pransnitz  (fi)  on  the  second  day  of  fasting  found  in  fifteen  experiments  with 
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grams.  In  companng  Fr&wnitz'B  resnlts  vith  thoee  obtained  in  this  laboratory, 
it  is  important  to  note  that  vhile  wide  differences  in  size,  weight,  and  dietetic 
habits  existed  in  Pratunitz'a  snbjectB  those  nsed  in  the  Middletown  experiments 
were  as  a  role  coll^  students  eating  more  nearly  the  same  fare. 

The  approaching  constancy  in  the  nitrogen  elimination  found  on  the  second 
day  of  the  fast  with  different  individaals  would  incline  one  to  the  belief  that 
on  the  third  day  the  constancy  wonld  be  even  greater,  yet  an  inspection  of  the 
reenlts  in  table  197  shows  that  the  variations  ranged  from  10.98  in  experiment 
No.  77  to  15.04  in  experiment  No.  69.  In  the  fonr  experiments  with  S.  A.  B., 
the  variations  were  from  10.98  to  13.10  grams,  or  s  little  over  2  grams.  The 
average  elimination  for  the  six  experiments  was  13.08  grams. 

Five  experiments  were  made  in  which  the  fast  was  continued  for  i  or  more 
days.  In  these  the  nitrogen  excretion  varied  from  10.39  to  13.97  grams, 
the  average  elimination  for  the  five  experimenta  being  11.44  grams.  In  the 
fonr  experiments  with  9.  A.  B.,  the  excretion  varied  from  10.39  to  11.63  grama, 
a  difference  of  1.34  grams.  Not  only  is  tlie  variation  for  all  tiie  experiments 
much  less,  therefore,  than  on  the  previous  days,  but  in  different  experiments 
with  the  same  subject,  there  is  a  tendency  for  the  nitrogen  excretion  to  approach 
constancy  on  the  fouriih  day. 

Two  experiments,  both  with  S.  A.  B.,  continued  for  6  or  more  days.  The 
nitrogen  in  these  experimenta  amounted  on  the  fifth  day  to  9.98  and  10.87 
grams,  averaging  10.43  grams.  One  experiment  continued  during  the  sixth  and 
seventh  days  and  on  these  days  there  were  excreted  10.74  and  10.13  grams  of 
nitrogen,  respectively. 

Variation8  in  nilrogen  elimnation  as  the  fast  progrettes. — While  as  has  been 
seen  from  the  previous  discussion,  the  gross  fiuctnations  in  the  nitrogen  excre- 
tion for  the  first  day  of  different  fasts  render  any  interpretation  of  these 
results  for  short  fasting  experiments  difBcnlt,  in  the  longer  fasts  the  disturbing 
features  of  the  first  day  are  eliminated  and  the  data  are  such  as  to  permit  of 
definite  conclusions.  In  the  majority  of  the  experimraits,  there  is  an  excretion 
of  at  least  3  grams  more  on  the  second  day  than  on  the  first.  In  experiment 
No.  85,  there  was  a  greater  excretion  on  the  first  day  by  0.03  gram  which, 
however,  may  well  tie  within  the  limit  of  experimental  error. 

On  the  contrary,  Prausnitz  (8)  found  in  three  out  of  fifteen  cases  a  dimin- 
ished excretion  on  the  second  day.  Of  the  thirteen  fasting  experiments  cited 
in  table  196  there  was  an  increased  nitrogen  elimination  on  the  second  day  of 
fasting  in  only  three  instances.  The  lack  of  harmony  between  these  results  and 
those  obtained  in  the  Middletown  experiments  can  not  readily  be  explained. 
Physical  condition,  previous  dietetic  habits,  mnscular  exercise  and  other  factors, 
yet  too  litUe  known,  may  aU  have  contributed  to  this  result  The  great 
uniformity  in  the  results  of  the  Middletown  experiments  would  tend  to  uphold 
the  view,  that  vrith  like  bodily  activity  and  environment,  the  results  should  all 
be  strictly  comparable. 
24 
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For  the  third  day  of  each  fast  (table  197)  the  data  show  that  in  all  casea 
(except  experiment  No.  73,  where  there  was  a  diminished  excretion  of  0.43 
gtam),  the  nitrogen  is  greater  on  the  third  day  than  on  the  second,  thiia 
indicating  an  average  pTogreaaive  increase  in  the  nitrogen  excretion.  For  the 
average  of  all  the  experiments,  the  daily  excretion  is  10.03,  12.76,  and  13.08 
grams  on  the  first,  second,  and  third  days,  respectively.  The  evidence  is 
snfficient  to  show  a  positive  increase  in  nitrogen  on  the  third  day  over  the 
second  amountiiig  to  0.32  gram.  This  is  also  observed  on  the  third  day  of  the 
earlier  fasts  (table  196)  with  the  single  exception  of  the  Vienna  fast  by  Socd. 

Of  the  five  experiments  which  continued  for  4  days  or  more,  4  were  made 
with  one  subject  and  with  the  exception  of  experiment  No.  77,  there  was  a 
decrease  in  the  total  nitrogen  excretion  on  the  fourth  day  as  compared  with  the 
third.  The  av^age  excretion  for  the  five  experiments  was  11.44  grams,  or 
1.64  grams  less  than  on  the  third  day. 

There  was  a'  further  decrease  of  1  gram  in  the  nitrogen  excreted  on  the 
fifth  day  while  on  the  sixth  and  seventh  days,  it  remained  about  the  same. 

In  general,  then,  according  to  oar  experiments,  the  average  nitrogen  excretion 
on  the  second  and  third  days  is  larger  than  on  the  first  day,  the  maximum 
being  reached  on  the  third  day.  On  the  foorth  and  fifth  days  there  is  a 
steady  diminution,  and  bo  far  as  the  few  observations  recorded  show,  the 
excretion  for  the  fifth,  sixth,  and  seventh  days  is  piacticelly  constant 

Relation  of  body-weight  to  nitrogen  excretion. — Since  proteid  katabolism 
is  proportional  in  general  to  the  size  of  ihe  body  and  in  all  probability  to  the 
active  mass  of  protoplasmic  tissue,  it  is  important  to  note  the  nitrogen 
excretion  per  kilo  of  body-weight  in  the  different  fasting  experiments.  These 
have  been  also  recorded  in  table  197. 

On  the  first  day  of  the  fast,  the  variation  in  the  nitrogen  excreted  per  kilo 
of  body-weight  is  from  0.101  gram  in  experiment  So.  71  to  0.339  gram 
in  experiment  No.  83.  The  low  excretion  per  kilo  of  body-weight  in  experiment 
No.  71  is  to  be  expected  from  the  nnnsually  small  amount  of  nitrogen  excreted 
on  this  day.  It  is  important  to  note  that  in  experiment  No.  76,  made  witti  the 
same  subject,  the  amount  of  nitrogen  excreted  per  kilo  of  body-weight  is  0.206 
gram.    The  average  excretion  for  the  first  day  of  the  fast  is  0.156  gram. 

On  the  second  day  the  excretion  per  kilo  varies  from  0.149  gram  io  experi- 
ment No.  80  to  0.259  gram  in  experiment  No.  79,  averaging  0.202  gram.  With 
the  same  individual,  S.  A.  B.,  the  variations  ranged  &om  0.179  gram  in  experi- 
ment  No.  77  to  0.311  gram  in  experiment  No.  75.  The  excretion,  then,  per 
kilo  of  body-weight  on  the  second  day  of  the  experiments  is  much  more  nearly 
constant  than  on  the  first  day.  On  the  third  day,  the  per  kilo  excretion  varies 
from  0.186  gram  in  experiment  No.  77  to  0,232  gram  in  experiment  No.  71, 
the  average  for  the  six  experiments  being  0.213  gram. 

The  variations  on  the  fourth  day  of  the  fast  are  even  smaller  than  on  the 
third,  ranging  from  0.182  gram  in  experiment  No.  69  to  0.202  gram  in 
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experiment  No.  75,  the  average  for  the  5  experiments  being  0.193  gram. 
On  the  fifth,  sixth,  and  seventh  days,  the  average  ezcietion  per  kilo  of  body- 
weight  is  0.186,  0.190,  and  0.181  gram,  respectively. 

The  same  differenceB  tiiat  exist  in  the  total  excretion  of  nitrogen  in  the 
different  experiments  on  the  first  day  of  the  fast  likewise  appear  in  the  excretion 
per  kilo  of  body-weight.  On  the  second  and  encceeding  days,  the  excretion 
per  kilo  of  body-weight  ie  on  an  average  much  more  nearly  constant,  and  the 
mftxiinTim  is  reached  on  the  third  day. 

In  discussing  the  poBsible  causes  of  variations  in  the  elimination  of  nitrogen 
with  different  sabjects,  and  indeed,  in  different  experiments  vrith  the  same 
subject,  certain  qnestions  other  than  that  as  to  the  nitrogenous  excretion  on  the 
day  before  the  fast  may  be  raised.  For  example,  does  the  relative  amoont  of 
protein  in  the  body  influence  the  rapidity  with  which  it  is  disintegrated  during 
the  fast  ?  In  discussing  the  experiments  on  Cetti  and  Breithaupt,  the  Berlin 
investigators  were  of  the  opinion  that  the  large  increase  in  the  elimination  of 
nitrogen  by  these  two  subjects  was  due  to  the  fact  that  they  were  not  very  fat 
and  hence  had  s  larger  proportion  of  protein  in  the  body.  With  the  subject 
S.  A.  B.,  considerable  light  may  be  thrown  upon  the  storage  of  protein  inasmuch 
as  between  experiments  Kos.  76  and  77  and  also  for  a  period  of  two  weeks  after 
experiment  No.  77,  a  careful  record  was  kept  of  all  food  ingested  and  the 
nitrogen  was  determined  for  each  day's  food,  urine,  and  feces  tiius  furulBhing 
a  complete  balance  of  income  and  outgo  of  nitrogen.  The  details  of  these 
balances  are  reported  beyond  (see  page  534),  but  it  may  be  stated  here  that 
the  results  show  that  during  the  period  between  experiments  Nos.  76  and  77, 
the  subject  actually  gained  45.0  grams  of  nitrogen  more  than  were  lost  during 
fasting  experiment  No.  75  and  food  experiment  No.  76,  thus  indicating  a 
marked  storage  of  nitrogen  in  the  body. 

Id  the  period  following  experiment  No.  77  the  data  show  that  the  body 
gained  in  addition  to  the  nitrogen  lost  during  the  fast  11.1  grams  of  nitrogen. 

Under  these  conditions,  ihe  increased  amount  of  nitrogen  ia  very  noticeable 
and  hence  we  should  expect  to  find,  that  if  the  actual  amount  of  nitrogenous 
material  present  In  the  body,  be  it  either  "  organized  "  or  "  circulating,"  at  the 
beginning  of  the  experiment  influences  the  subsequent  nitrogen  elimination 
during  fasting,  there  would  be  an  increase  in  the  nitrogen  elimination  in 
the  last  experiment  with  this  subject  (experiment  No.  77)  over  that  excreted 
in  the  earlier  ones.  As  a  matter  of  fact,  aside  tiom  the  unusually  low  excretion 
noted  on  the  flrst  day  of  experiment  No.  71,  the  absolute  excretion,  as  well  as 
the  excretion  per  kilo  of  body-weight,  was  lowest  rather  than  highest  in 
experimMit  No.  77. 

Unquestionably  the  gain  in  body-weight  after  fastdng  was  due  in  large 
measure  to  the  replacement  of  the  water  lost,  bat  there  must  have  been  a  not 
inconsiderable  gain  of  fat,  since  the  subject  weighed  considerably  more  at  the 
end  of  the  series  of  experiments  than  at  the  beginning.    It  may  then  be  true 
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that  the  proportion  of  protein,  when  compued  to  that  of  fat,  m&y  have  been  no 
greater  in  tiie  later  than  in  the  earlier  experiments.  The  increase  in  vater 
content  of  the  body,  however,  maj  well  lower  the  proportion  of  total  protein 
in  the  body  even  with  the  material  gain  observed  in  the  long  nitrogen 
metaboliam  experiments. 

Although  the  evidence  is  insufficient  for  drawing  any  definite  conclnsiooB, 
the  results  obtained  imply  that  after  the  first  fasting  day  the  supply  of  reserve 
protein  in  the  body  has  little,  if  any,  effect  on  the  subsequent  excretion  of 
nitrogen.  Farther  experiments  in  which  the  partition  of  the  nitrogen  is  more 
carefolly  studied  are  needed.* 

Excretion  of  nitrogen  in  different  periods  of  the  day. — ^The  samples  of  mine 
for  the  four  periods  of  each  day  were  separately  analyzed  during  a  portion  of  the 
series  of  experiments  in  the  effort  to  obtain  information  concerning  the 
distribution  of  nitrogen  excretion. 

These  data  are  presented  in  table  198,  in  which  ttie  excretion  for  the  two 
6-bour  day  periods  and  the  IS-hour  night  period  are  given.  Id  this  table  the 
results  for  the  periods  from  7  p.  m.  to  11  p.  m.,  and  11  p.  m.  to  7  a.  m.  are 
combined. 

The  proportions  of  the  total  nitrogen  excreted  during  the  day  period  and 
the  night  period  have  likewise  been  computed  and  the  percentages  expressed 
in  the  table. 

The  data  in  the  table,  which  includes  all  the  fasting  experiments  in  which 
determinations  by  periods  were  made,  show  that  during  the  period  from  7  a.  m. 
to  7  p.  m.  the  per  cent  of  total  nitrogen  may  vary  from  47.5  per  cent,  as  on 
the  second  day  of  experiment  Ko.  89,  to  60.5  per  cent,  as  on  the  first  day  of 
experiment  No.  75.  On  the  average  64.9  per  cent  of  the  total  nitrogen  is 
excreted  during  the  day  period. 

There  is  a  general  tendency  for  tiie  per  cent  of  nitrogoi  excreted  during  the 
day  period  to  increase  perceptibly  as  the  fast  prt^resses  in  experimeaita  Nos.  69 
and  73.  On  the  contrary,  in  experiment  No.  75,  the  highest  percentage  is  on 
the  first,  the  lowest  on  the  third  day. 

The  proportions  of  nitrogen  eliminat«d  during  the  periods  from  7  a.  m.  to 
1  p.  m.  and  1  p.  m.  to  7  p.  m.  hare  not  been  shown  separately  in  the  table, 
but  in  general  the  larger  excretion  takes  place  during  the  period  from  7  a.  m.  to 
1  p.  m.,  although  the  average  for  all  the  experiments  is  only  about  S  per  cent 
larger.  Thus  51  per  cent  of  the  total  nitrogen  excreted  during  the  first  12  hours 
of  the  day  appeara  in  the  urine  of  the  six  hours  from  7  a.  m.  to  1  p.  m. 
A  few  noticeable  exceptions  are  observed  especially  in  the  second  day  of  experi- 
ment No.  59,  both  days  of  experiment  No.  68  and  in  the  second  day  of 
experimrat  No.  89. 
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iMMMIOOt. 

1^ 

SuUact  ud  il>t«. 

7«.B1. 

Vtl 

Total  rot  firat 

Total  torUM   1 
labour..        1 

^ 

p™- 

portioD 
5t  total 
lot  84 
boun. 

£9 

68 
6» 

71 

73 

76 

B.  P.  D. 

Amu. 
3.59 
3.37 
4.37 

4.19 
4  17 

Grami. 
6.81 
7.66 

8.64 

Ptrtt. 
67  5 
63.6 
67.6 

Cnnu.    PercL 
6.03       42.5 
6.65      46.4 
6.28     42.3 

Total,3d«j» 

11.33 
3.78 

11.68 
3.86 

22.91 
7.64 

56!2 

17.86  1  .... 
5.95      43.8 

Average  per  d&7 

A.L.L. 

2.89 
3.08 

3.31 
3.47 

6.20 
6.56 

60.6 
60.3 

6,06 

6.48 

49.4 
49.7 

Total,2day« 

6.97 
2,99 

6.78 
3.39 

12.76 
6.38 

56!4 

12.64 
6.27 

4196 

Average  per  day 

A.  L.  L. 

2.45 
3.94 
4.32 
4.12 

2.61 
3.80 
4.03 
.1.47 

4.96 
7.74 
8.36 
7.69 

49.2 
64.3 
56.6 
58.6 

6.13 
fl.62 
6.60 
5.38 

50.8 
46.7 
44.6 
41.6 

Total,4dayB 

14.83 
3.71 

13.81 
3.46 

28.64 
7.16 

54.7 

23.72 
5.93 

45^3 

Average  per  day 

8.A.B. 

2.74 
3.47 
2.85 

3.29 
6.78 
6.93 
6.21 

56.3 
62.4 
52.9 
57.8 

2.66 
5.26 
6.17 
4.63 

43.7 
47.6 
47.1 
42.2 

3.04 
3.46 
3.36 

Tot«I,4day¥    ... 

9.86 
'3.29 

9.06  !22.21 
'3.02  1  5.56 

18.61 

46-6 

8.A.B. 

2.68 
3.13 
3.18 
3.10 
3.14 

2.66 
3.23 
2.72 
2.92 
2.61 

6.14 
6.36 
6.90 
6.02 
6.75 

60.0 
53.1 
61.1 
57.9 
57.6 

5.15 
6.61 
6.64 
4.37 
4.23 

50.0 
46.9 
48.9 
42.1 
42.4 

16  13 
3.03 

14.04 
2.81 

29.17 
5,83 

53^9 

26.00 
6.00 

46!i 

Average  per  day 

S.A.B. 
Mar.  4-  6,1906 

4.10 
3.82 
3.66 
3.36 
3.19 
3.26 
2.98 

3.30 
3.30 
3.73 
3.39 
3.13 
2.82 
2.83 

7.40 
7.12 
7.28 
6.75 
6.32 
6.08 
6.81 

60.6 
57.2 
56.9 
68.0 
68.1 
66.6 
67.4 

4.84 
6.33 
6.74 
4. 88 
4.66 
4.66 
4.32 

39.5 
42.8 
44.1 
42.0 
41.9 
43.4 
42.6 

Mar.   8-9,1905 

24.26 
3.47 

22.60 
3.21 

46.76 
6.68 

57!: 

34.32 

4.90 

42!3 

■  Average  for  8  daTi. 
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Tabu  1»3.— Periodic  aiatributton  of  nftroiren  in  urine  in  netabolitm  esperimenU 
tcithoitt  /o(Mt— Contlnuea. 

ax- 

Subject  aad  lUM. 

TK.II1. 

to 
ip.111. 

ip  m. 
Tp.111. 

■^^^{■^^^'l 

... 

bouis. 

S9 

D.W. 

Oram*. 
2.82 
3.18 

ffTMU. 

2,73 
3.60 

OnMM 
5.65 
8.87 

55.6  4.44 
47.6     7.50 

Paret. 
44.4 
52. S 

6.00 
3.00 

6.42 
3.21 

12.42 
6.21 

....  12.03 
60.8     6.02 

46!2 

Average  per  day 

3.36 

'3.24 

6. 48 

64.9 

6.33 

46.1 

I  Arenge  (or  20  <Ur(. 

Data  regarding  the  periodic  excretion  of  nitrogen  during  fasting  are  also 
foinifihed  in  the  experiments  made  in  this  laboratory  and  reported  elBevhere." 
In  the  5  days  during  which  the  subject  fasted,  three  1-day  experiments  and 
one  S-day  experiment,  the  proportion  of  total  nitrogen  excreted  between  7  a.  m. 
and  7  p.  m.  was  68.6,  d2.7,  56.6  per  cent  for  the  three  1-day  experiments,  and 
S3.6  and  45.7  per  cent  for  the  S  consecutive  days  of  fasting. 

The  Swedish  inveetigatorB  in  reporting  the  results  for  J.  A.  (9)  give  data 
for  computing  the  proportion  of  total  nitrogen  excreted  between  10  a.  m.  and 
10  p.  m.  for  the  5  days  of  the  fast.  The  percentages  are  59.1,  54.0,  50.7,  68.3, 
and  66.1,  respectiTely. 

In  a  one-day  fast  Boaemann"  found  59.8  per  cent  of  the  total  nitrogen 
was  excreted  between  7  a.  m.  and  7  p.  m. 

Influence  of  drinking-water  on  nitrogen  excretion. — It  has  long  been  observed 
tiiat  the  ingestion  of  Urge  amounts  of  drinking-water  results  frequently  in  an 
increased  nitrogen  excretion.  The  significance  of  the  relation  between  the 
volume  of  urine  and  the  nitrogen  excreted  during  fasting  was  pointed  out  by 
the  Berlin  scientists  (7)  in  their  discussion  of  the  experiments  on  Getti  and 
Breithaupt.  The  influence  of  excessive  amotmta  of  drinking-water  on  fasting 
animals  has  also  repeatedly  been  observed,  and  hence  it  is  of  importance  to 
co]isider  the  volume  of  urine  in  the  fasting  experiments  here  reported,  since 
the  variations  in  volume  may  have  an  influence  upon  the  excretion  of  nitrogen, 
and  thus  possibly  account  for  the  fluctuations  in  nitrogen  excretion  observed 
from  day  to  day.  The  daily  nitrogen  excretion  in  grams  and  also  the  volume 
of  urine  are  recorded  in  table  200,  beyond, 

••  U.  S.  DepL  Agr.,  OfflCfl  of  Bxpt.  Sta.  Bui.  136  (1W3). 
"Archiv  (.  (tie  ges.  Physiol.  (1897).  66,  p.  360. 
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A  comparison  of  the  data  for  the  total  34  hours  of  a  given  experiment 
showa  that  in  general  large  volumes  of  urine  are  accompanied  b;  large  amounts 
of  nitrogen.  For  the  consecutive  days  of  each  experiment  this  is  generally 
true  but  do  comparison  is  permitted  for  different  experiments.  This  general- 
ization is  true  for  the  large  majority  of  the  fasts.  Especially  is  it  true  in  the 
first  3  days  of  experiment  No.  69,  and  the  whole  of  experiments  Nos.  71,  73, 
75,  81,  and  83.  On  the  other  hand,  there  are  striking  contradictions  noticed 
more  especially  in  experiment  No.  77.  In  this  experiment  the  largest  volume 
of  urine  appears  on  the  first  day  and  is  coincident  with  the  smallest  excretion 
of  nitrogen,  while  cm  the  last  day  the  smallest  volume  of  nrine  is  accompanied 
by  the  largest  excretion  of  nitrogen.  A  similar  statement  holds  true  for 
experiment  No.  59.    (See  table  3.) 

In  considering  this  question,  it  is  doubtful  whether  the  S^day  experiments, 
influenced  as  they  undoubtedly  are  by  the  food  of  the  day  before,  can  be 
considered  as  of  much  value.  It  thus  appeara  that,  while  in  the  majority  of  the 
experiments  it  may  be  reasonably  inferred  that  there  was  an  increased  elimi- 
nation of  nitrogen  coincident  with  large  volumes  of  urine,  on  the  other  hand, 
the  data  of  experiments  Nob.  69  and  77  render  the  conclnsion  donbtfnl. 

The  influence  of  drinking  large  quantities  of  water  on  the  nitrogen  excretion 
has  been  studied  very  carefully,  the  majority  of  the  experiments,  however, 
having  been  made  with  animals.  All  of  the  observations  have  demonstrated 
that  with  increased  volume  of  urine  there  is  an  increased  nitrogen  excretion. 
The  results  have,  however,  permitted  of  two  interpretations  of  the  cause  of 
the  increase,  and  scientiBt«  have  differed  in  their  belief.  According  to  one  view 
the  increase  is  due  simply  to  the  fiushing  out  of  the  urea  and  other  products 
preformed  in  the  tissues,  while  the  other  maintains  that  the  drinking  of  large 
amounts  of  water  results  in  a  stimulated  protein  katabolism.  The  more 
recent  investigations  of  Hawk,"  and  Heilner,"  have  considered  this  problem 
in  a  more  elaborate  manner,  stating  not  only  the  excretion  of  nitrogen  bnt 
also  of  phosphorus,  sulphur  and  chlorides. 

An  examination  of  the  more  recent  experimental  evidence  leads  to  the 
conviction  that  experiments  on  fasting  men  especially  with  complete  urine 
analyses  would  aid  materially  in  settling  this  much  disputed  point.  In  spite 
of  the  fact  that  in  several  of  the  experiments  here  reported  unusually  large 
amounts  of  drinking-water  were  consumed,  the  conditions  under  which  these 
experiments  were  made  are  snch  as  in  our  judgment  to  preclude  any  direct 
conclusions  regarding  the  influence  of  increased  consumption  of  water  on 
nitrogen  excretion.  It  is  important,  however,  in  considering  the  causes  for  the 
variations  in  the  nitrt^^  excretion  on  the  different  days,  not  to  overlook  the 
fact  of  the  possible  influence  of  the  varying  amounts  of  water  consumed. 
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In  all  the  ezperiments  with  S.  A.  B.,  the  volume  of  nrine  was  large,  in 
man;  cases  very  large.  It  ahotild  be  noted,  boweTei,  that  the  highest  nitrogen 
excretion  by  this  sabject  on  any  day  was  13.10  grams,  while  in  experiment  No. 
69  with  A.  L.  L.,  an  excretion  of  15.04  grams  of  nitrogen  appeared  on  ths 
third  day  with  bnt  743  cc.  of  urine.  It  would  appear,  then,  that  no  very 
marked  washing  out  of  the  urea  or,  indeed,  increased  protein  katabolism 
followed  the  ingestion  of  the  excesaiTe  quantitiefi  of  water  consumed  by  S.  A.  B. 
In  the  experiments  with  dus  latter  subject  the  volume  of  nrine  was  less 
than  1200  oc.  on  only  three  days.  On  the  first  day  of  experiment  No.  71, 
the  Tolome  was  1149  cc  with  a  nitrogen  excretion  of  5.84  grams;  on  the  last 
day  of  experiment  No.  73,  the  rolome  was  1026  cc  with  a  nitrogoi  excretion  of 
9.98  grama;  and  on  the  last  day  of  experiment  No.  77,  the  volume  was  1136  cc, 
and  the  nitrogen  excretion  was  11.46  grams. 

The  large  amounts  of  drinking-water  consumed  by  the  subject  S.  A.  B.  were 
as  a  matter  of  fact  not  much,  if  any,  greater  than  his  customary  consumption. 
While  the  data  for  the  amount  of  drinking-water  on  the  preliminary  days  is 
missing,  the  volumes  of  urine  are  recorded  in  the  following  table.  For  com- 
parison the  volumes  on  the  first  days  of  the  experiments  are  included,  as  well 
8S  the  nitrogen  excretion  for  the  corresponding  days. 


nsss,?' 

— "• 

Plntdar. 

Volume. 

NltTtvao. 

Volunta. 

NitTOfSD. 

71 

78 

78 

77 

uaa 
ases 

11S6 

mi 

>s.ai 

IS.  60 
19.49 
11. 8« 

11« 
2863 
1490 

sua 

6.B4 
10.29 

IS. a* 

8.81 

qauitltlea  for  the  mine  period 

:   Volome  =170  cc ;  nltmiwa  =  2.S6  ki^°»- 

The  only  noticeable  increase  in  the  volume  of  urine  on  the  first  day  of  fast  ia 
observed  in  experiment  No.  77,  in  which  nearly  two  and  ono-half  times  the 
volume  of  urine  of  the  preliminary  day  was  excreted.  In  spite  of  the  influence 
of  the  large  amonnt  of  water  on  this  day  the  nitrogen  excretion  can  in  no  wise 
be  construed  as  indicating  a  flushing  out  of  the  nitrogenoos  wastes  in  the 
tissues. 

A  more  detailed  statement  of  the  elimination  of  nitrogen  by  different  periods 
in  which  the  volume  of  urine  as  well  as  the  total  weight  of  nitrogen  are  taken 
into  consideration  is  given  in  table  199. 

While  from  the  total  volume  of  nrine  in  24  hours,  it  would  appear  that  the 
nitrogen  excretion  followed  roughly  the  volume  of  nrine,  when  the  volumes 
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Ex- 

SobiMtuddatik 

7».nutolp.n. 

l«.7p.». 

Rntiahn. 

LutlShc*. 

Vok 

Id 
niiaaL 

Nitrti- 
C*o. 

VoIuum 
nriM. 

tm. 

Vol- 

mtro- 

urine. 

Nitn- 

69 

68 
69 

71 

73 

76 
89 

B.F.D.,  Dec.  18-19, 1903.... 
Dec.  19-20, 1903.... 
Dec.20-21,1903.... 

TotaI,3dayB 

188 
262 

Ormt. 
3.60 
3.37 
4.37 

652 
284 
298 

Grmt 

3.22 

4.19 
4.17 

472 

650 

6.8i 
7.66 
8.64 

490 
358 

6.65 
8.28 

874 

291 

11.33 

3.78 

1234 

411 

11.58 
3,86 

2108 
703 

22.91 
7.64 

1279 
426 

17.86 
6.95 

Average  per  day 

A.L.L.,  Apr. 27-28, 1904..., 
Apr.  28-29, 1904.... 

TotaI,2d8yB 

202 
217 

2.89'     269 
3.08,'     217 

3.31 
3.47 

521 
434 

6.20 
6.55 

458 
388 

6.06 
6.48 

479 
24C 

5.97      476 
2.99I     238 

6.7E 

955 
478 

12.75 
6-38 

846 

423 

12.64 

6.27 

Average  per  day 

A.L.L.,  Dec.  16-17, 1904.... 
Dec.  17-18, 1904.... 
Dec.  18-19, 1904.... 
Dec.  19-20, 1904.... 

112 
169 
250 
245 

2.45 
3.94 
4.32 
4.12 

119 
163 
203 
223 

2.51 
3.80 
4.03 
3.47 

23I|  4.96 
332I  7.74 
453    8.36 
468l   7.69 

206 
240 
290 
257 

6.13 
6.62 
6.69 
6.38 

776 
194 

14.83 
3.71 

708 
177 

13.81 
3.46 

1484  28.64 
371    7.16 

993  '23.72  1 
248  i  6.93  1 

Average  per  day 

8-A.B.,  Jan.  7-  8, 1906. . . . 
Jan.  8-  9,1905.... 
Jan.  &-10,1906.... 
Jan.  10-11, 1905.... 

Total,4dayi 

'827 
760 
640 

sioi 

3.46 
3.36 

647 
606 
619 

2.U 
3.47 
2.85 

979 
1374 
1355 
1159 

3.29 
5.78 
6.93 
6.21 

170 
635 
1174 
314 

2.65 
6.26 
6.17 
4.63 

'2217 
'   739 

'9-86 
'3,29 

'1671 
'    567 

'9.06 

3.02 

4867 
1217 

22.21 
5.65 

2293 
573 

18.51 
4.68 

Average  per  day 

SA.B.,  Jan.  28-29, 1006. . . . 
Jan.  29-30, 1905.... 
Jan.  30-31, 1905.. . . 
Jan.30-Feb.I,1906 
Feb.   1-2,1906.... 

871 
816 

i 

2.68 
3.13 
3.18 
3.10 
3.14 

649 
937 
888 

765 
241 

2.56 
3.23 
2.72 
2.92 
2.61 

1420 
1752 
1621 
1370 
692 

6136 
6.90 
6.02 
6.75 

832 
1206 
1204 
683 
334 

6.16 
5.61 
6.64 
4.37 
4.23 

3375 
675 

15.13 
3.03 

3380 
676 

14.04 
2.81 

6765 
1361 

29.17 
5.83 

4169 
832 

26. OG 
6.00 

Average  per  day 

S.A.B.,  Mar.   4-6,1905... 
Mar.  6~  6,1905... 
Ma».  6-  7,1905... 
Mar.   7-8,1905... 
Mar.  8-  9,1906... 
Mar.  9-10,1906... 
Mar.  10-11, 1905... 

407 
774 
500 
606 
310 
448 
389 

4.10 
3.82 
3.55 
3.36 
3.19 
3.26 
2.98 

464 
461 
807 
818 
568 
452 
660 

3.30 
3.30 
3.73 
3.39 
3.13 
2.8: 

871 
1225 
1307 
1423 
878 
900 
939 

7.40 
7.12 
7.28 
6.75 
6.32 
6.08 
5.81 

626 
646 
901 
663 
545 
711 
645 

4.64 
5.33 
6.74 
4.88 
4.65 
4.66 
4.32 

3433 

490 

24.20 
3,47 

4110 
587 

22.50 
3.21 

4636 

34.32 
4.90 

Average  per  day 

D.W.,  Jan.  10-11, 1906 

Jan. 11-12, 1906.... 

1078'  6.68 

219 

123 

2,82 
3.18 

195 
138 

2.73 
3.69 

414 
261 

5-55 

6,87 

212 
261 

4.44 
7.69 

342 
171 

6.00 
3.00 

333 
167 

6.42 
3.21 

675 
338 

12,42 
6.21 

473 
237 

12.03 
6,02 

Average  per  day 

Average  of  all  above  ex- 

.«. 

'3.36 

■  468 

644 

.33 

3.24 
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878  Influen'ce  op  Inanitioit  ok  Metabolism. 

Tolnme  of  urine  eliminated,  but  witli  a  very  considerable  increase  in  the 
nitrogen.  When  the  total  quantity  of  urine  for  the  first  13  hours  of  the  first 
and  last  days  of  this  experiment  are  taicen  into  consideration  a  similar 
peculiarity  may  be  observed.  Oo  the  first  and  fourth  days  of  experiment  No.  75, 
In  the  first  13  hours  there  was  a  marked  increase  in  the  volume  of  mine 
accompanied  by  an  actual  decrease  in  the  eliminatioQ  of  nitrogen.  Similar 
anomalies  are  to  be  found  in  all  of  the  experiments.  It  is  clear,  therefore,  that 
the  deduction  that  large  volumes  of  urine  induced  by  copious  water  drinking 
result  in  an  invariable  increase  in  Uie  quantities  of  nitrogen  excreted  can  not 
be  made  from  the  results  of  the  Middletown  experiments.  It  may  be  said, 
moreover,  that  the  other  conditions  surrounding  tiie  experiment,  namely,  state 
of  nutrition,  body-weight,  etc.,  vary  too  much  in  the  different  experiments  to 
permit  the  deduction  that  copious  water  drinking  does  not  affect  the  excretion 
of  nitrogen. 

Comparing  the  excretion  of  the  day  and  the  night  periods  in  all  the  experi- 
ments given  in  table  199,  there  was  on  the  average  a  greater  excretion  of 
nitrogen  during  the  day  than  during  the  night.  Considering  the  individual 
days,  there  were  only  two  exceptions  to  this,  namely,  on  the  first  day  of  experi- 
ment No.  69  and  on  the  last  day  of  experiment  No.  89,  on  both  of  which  days 
the  excretion  was  somewhat  greater  during  the  night  period.  In  one  case  the 
excretions  for  the  day  and  for  the  night  were  identical.  It  is  furthermore 
true  that  the  volume  of  urine  was,  in  general,  greater  during  the  day  than 
during  the  night,  there  being  but  one  exception  to  this,  namely,  on  the  second 
day  of  experiment  No.  69. 

In  general,  the  larger  amount  of  nitrogen  excreted  during  the  day  period  from 
7  a.  m.  to  7  p.  m.  appears  in  the  urine  from  ?  a.  m.  to  1  p.  m.,  and  an  inspection 
of  the  volumes  of  urine  shows  that  in  experiments  Nob.  73  and  75,  the  larger 
volume  of  iirine  is  collected  as  a  rule  in  the  second  period  (1  p.  m.  to  7  p.  m.). 
This  is  likewise  true  for  experiment  No.  69.  In  each  of  the  experiments  Nos. 
68,  69,  and  89,  the  volumes  average  about  the  same  for  both  6-hour  periods  of 
the  day.  Only  in  experiment  No.  71  do  we  find  a  noticeably  larger  volume  of 
urine  during  the  first  6  hours.  It  is  interesting  to  note  that  this  difference  in 
file  volume  of  urine  is  accompanied  by  a  larger  increase  in  nitrogen  during 
the  first  6-hour  period. 

Ratio  of  Total  Bolids  to  NmooEtr. 

The  nitrogenous  ingredients  of  urine  are  of  organic  origin  and  hence  the 
larger  the  proportion  of  ash  in  the  urine,  the  wider  the  variations  in  the  ratio 
of  total  solids  to  nitrogen.  The  ratios,  however,  are  of  particular  interest  as 
nse  was  made  of  certain  of  them  in  experiments  Nos.  69  and  68  in  apportioning 
the  amounts  of  total  ash  and  total  solids  over  the  several  days  of  the  experiments 
as  explained  above.  The  ratio  of  total  solids  to  nitrogen  or  the  number  of 
grams  of  total  solids  present  in  the  urine  toi  each  gram  of  nitrogen  is  shown 
in  table  200, 
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ExperimenU  witfumt  food. 

B.  F.  D.,  Deo.  lS-21,  1903,  aver- 
age per  dv' 

A.  L.  L.,  Apr.  27-29, 1904,  average 

A.L.L.,  Dec.  16-17, 1«M 

Deo.  17-18, 1904 

Doc.  18-19, 1904 

Dec.  19-20, 1904 

Total,4day« 

Average  per  day 

S.A.B.,  Jan.  7-8,1006 

Jan.  &-  9,1906 

Jan.  9-10,1906 

Jan. 10-11, 1006 

Total,4da7a 

Average  per  day 

S.A.B.,  Jan.  29-29, 1905 

Jan.  29-30, 1906 

Jan. 30-31, 1005 

Jan.  31-Feb.  1,1905 

Feb. 1-2, 1905 

Total,6dayH 

Average  per  day 

8.A.B.,  Mar.  4-5,1905. 

Mar.   5-  6,1905 

Mar.  fl-  7,1905 

Mar.  7-  8,1905 

Mar.  8-  9,1906 

Mar.  9-10,1905 

Mar.  10-11, 1905 

Total,  7dayB 

Average  per  day 

8.A.B.,  Apr.  8-  9,1906 

Apr.  9-10,1906 

Apr.  10-11, 1906 

Apr.  11-12, 1905 

Total,4day« 

Average  per  day 

H.  B.  a,  Oct.  13-14, 1005 

Oct.  1*-15, 1906 

Total,2dayB 

Average  per  day 


36.05 
45.02 
47.49 
41.78 


2262    10.20 
29681  11.97 
2726    11.54 
1963    10 
1026     9. 


36.93 
36.76 
36.91 


1406  12.24  38.61 

1871  12.45;  45. S2 

2208  13.02    46.31 

1086  11.631  46.80 

1423  10.87   45.86 

1611  10.74    43.70 

1584  10.13   43.42 


2156  10.78 
1564  10.98 
1136    11.46 


54.66 
64.00 
64.59 


Batio  or 
total 

BOlldS 


4.219 
4.060 
4.286 


4.784 
5.071 
4.918 


17.86 
30.93 
36.07 
30.61 


32.34 
31.19 
29.66 
29.89 


Ratio  of 
orBBDlo 


2.915 
2.706 
2.721 
2.792 


2.773 
2.702 
2.703 


2.800 


2.662 
3.075 
2.986 
3.353 
3.531 


28.27  3.209 

42.68  3.959 

43.45  3.957 

45.45  3.909 


'  Not  determlaed  tor  EniUfldaal  dafs. 
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Bz- 

p«n- 

Snueot  and  date. 

Vol- 

NilTO- 

gen. 

to) 

isss. 

toDilra- 

(«) 

Of 
canlo 

toaitro- 

80 
81 
S2 
S3 

86 
89 

TO 

72 
74 

Stptn$iUfM  Bllftoirt  food  lamt'd). 

n2S 

759 

Oram* 
7.78 
9.95 

42.60 

fi.353 

4.281 

Oram. 
22.72 
30.08 

2.920 
3.023 

1887 
944 

17.73 
8.87 

84.26 
42.12 

4!  749 

62.80 
26.40 

21976 

ATOrageperday 

A.  H.  M.,  Nov.  21-22, 1906 

Nov.  22-23, 1905 

643 
812 

9.11 
13.06 

38.74 
48.04 

4.252 
3.681 

26.13 
36.82 

2.868 
2.821 

86.78 
43.39 

3!  916 

62.95 
31.48 

■y.Mi 

728'  11.08 

H.C.K.,  Nov. 24-25, 1906 

Nov.  26-26, 1905 

661 
1772 

9.38 
14.36 

37.13 
64.93 

3.968 
3.825 

27.46      2.928 
38.60     2.688 

2333 
1167 

23.74 
11.87 

92.06 
46.03 

3:878 

66.06  1  

33.03  1  2.783 

Average  per  day 

H.R.D.,  Deo. 6-6,1905 

1187    13.25 

46.29 
52.61 

3.418 
3.888 

37.10 
43.88 

2.800 
3.243 

U17 

26.78 
13.39 

97.90 
48.95 

slew 

80.98 
40.49 

3!624 

Average  per  day 

N.M.P.,  Dec.  9-10,1906 

Dec.  lO-U,  1906 

TotaI,2d»yB 

z 

{lliOf 
11.35 

'1.251 
42.89/ 
36.96 

3.256 

130.42] 
31.39 

2.754 
2.766 

1836 

918 

22.72 
11.38 

81.10 
40.65 

a.hJQ 

82,70 
31.36 

2;766 

626 
522 

9.99 
14.46 

44.85 
47.38 

4.489 
3.277 

31.61 
39.93 

3.164 
2.761 

1148 
674 

24.45 
12.23 

92.23 
46.12 

3!  771 

71,44 
36.72 

i'.mi 

Average  of   experimentt 

135ol  11.54!  43.67 

3,784 

34.82  1  3.017  1 

Experimenti  laOh  food. 

1014 
1036 
608 

13.04 

9.84 
10.15 

40.13 
35.66 
38.64 

3.077 
3.624 
3.797 

36,59 
29,30 
29.61 

2.729 
2.978 
2.917 

H! 

33.03 
11.01 

114.33 

38.11 

s'.iisi 

94.50 
31.60 

2!  861 

3.102 

29.48     2.766  | 

S.A.B.,  Feb.  2-3, 1906 

1597 

10.74 
8.26 
6.78 

32.96 
28.23 
25.52 

3.069 
3.422 
3.764 

29.47 
24,06 
20,70 

2.744 
2.918 
3.063 

4992   25.77 

86.71 
28.90 

3!364 

74,23 
24.74 

2!8S0 

>  Determined  for  urine  lost    8m  p.  243. 
•Calculated.     Bee  p.  S43. 
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Dum- 

BubjMtMidilaW. 

(a) 

Vol- 
ume. 

(1» 

Nitro- 
gen. 

(0) 

Totel 

■OlillB. 

{S*by. 

Or- 

76 

1725 
1308 
1S96 

(Mm*. 

10.17 
7.16 
7.82 

Or<mt. 
40.62 
23.25 
27.09 

3.994 
3.2S2 
3.464 

Oramt. 
38.88 
21.41 
23.40 

3.823 
2.994 
2.992 

Total,  3  di^ 

4629 
1543 

26.14 

8.38 

90.96 
30.32 

3. 618 

83.69 
27.90 

3!329 

Average  per  da; 

1376 

9.46 

32.61 

3.437 

28.19 

2.980 

In  experiments  No8.  59  and  68,  only  the  aversge  for  the  ezperimeiit  is 
given  as  the  detenuinattons  were  made  on  the  composite  urine.  In  the  other 
ezperimeots,  the  determinationfi  were  made  daily.  The  ratioB  range  from  3.134 
on  the  third  day  of  experiment  No.  71  to  5.353  on  the  first  day  of  experiment 
No.  80.  The  average  of  all  tiie  experiments  without  food  is  3.784.  Comparing 
the  individual  days  with  this  average  ratio,  the  variations  are  in  general  very 
Blight.  The  comparison  shows  even  a  greater  uniformity  in  the  ratios  for  the 
averages  of  the  different  experiments.  The  lowest  average  ratio  is  3.S54  in 
experiment  No.  69  and  the  highest  4.886  in  experiment  No.  77. 

The  eiperimenta  on  S.  A.  B.  show  that  save  in  the  case  of  experiment  No.  77, 
the  ratio  is  fairly  constant.  The  two  experiments  with  A.  L.  L.  show  similar 
uniformity.  There  ia  an  nnnen&lly  high  ratio,  4.S86,  in  experiment  No.  77, 
which  marks  it  as  distinct  from  all  the  others. 


Ratio  of  OaoAmc  Matteb  to  Nitboobn. 
The  presence  of  varying  amounts  of  ash  and  especially  sodium  chloride  in 
the  total  solids  of  the  urine  would  cause  marked  variations  in  the  ratios  of 
total  solid  matter  to  nitrogen.  The  nitrogen  of  urine  is  present  in  the  organic 
matter  and  not  in  the  ash  of  the  urine,  and  hence  if  the  ash  be  deducted  from 
the  total  solids,  the  ratio  of  organic  matter  to  nitrogen  would  he  expected  to  be 
more  nearly  constant.  Here  again  the  ratio  for  experiments  Nos.  59  and  68 
are  given  only  for  the  average  per  day  for  the  whole  experiment.  The  lowest 
ratio  of  organic  matter  to  nitrogen  is  S.646  on  the  second  day  of  experiment 
No.  79.  The  highest  ratio,  3.969,  is  found  on  the  last  day  of  experiment  No.  77. 
For  each  gram  of  nitrogen  ^excreted,  there  is  on  the  average  3.017  grams  of 
organic  matter.  The  ratio  of  organic  matter  to  nitrogen  is,  therefore,  much 
more  nearly  constant  than  that  of  total  solid  matter  to  nitrogen. 
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The  averages  for  the  different  experimenU  range  from  2.687  to  3.803  gnoB, 
In  the  experiments  with  S.  A.  B.,  Nos.  71  and  73  show  ratioe  that  are  not  far 
from  the  average  for  all  ihe  experimenta.  In  experiment  No.  75  the  ratio 
after  the  first  day  increaseB  as  the  fast  progresses  and  in  experiment  "So.  77 
tiiere  is  an  unusually  high  ratio  on  all  days  of  the  experiment.  The  excretion 
of  non-nitrogenous  organic  matter  is  therefore  indicated.  While  no  tests  were 
made  for  pathological  constituents  other  than  sugar  or  albumen  (see  p.  397) 
the  possible  formation  of  /3  oxybutyric  acid  and  similar  compounds  must  not 
be  lost  sight  of  in  this  connection.    (See  p.  395.) 

EXCRETION  or  CABBON  IN  THE  nRINB. 

There  is  a  considerable  amount  of  carbon  excreted  in  the  urine,  the  total 
quantity  of  which,  although  relatiTely  small  when  compared  with  the  total 
excretion  of  carbon  as  carbon  dioxide  from  the  longs,  is  nevertheless  sufficiently 
large  to  be  taken  into  consideration  in  obtaining  the  carbon  balance. 

The  determination  of  nitrogen  in  urine  is  readily  and  rapidly  made  by  the 
Kjeldahl  method,  but  the  determination  of  carbon  presents  a  number  of 
difficulties  which  render  the  absolute  amount  determined  much  less  accurate 
than  the  corresponding  determinations  of  nitrogen.  Since,  however,  the  amount 
of  carbon  excreted  in  the  urine  is  only  a  small  part  of  the  tetal  carbon  elimi- 
nation of  the  body,  a  relatively  large  error  in  the  determination  of  carbon  in 
the  nrine  may  exist  without  noticeable  effect  on  the  carbon  balance. 

Pettenkoter  and  Voit"  determined  the  carbon  elimination  through  the  urine 
for  the  first  fasting  day,  compared  it  with  the  tetal  nitrogen  and  obtained  as 
a  result  of  three  different  experimente  a  ratio  of  carbon  to  nitrogen  of  0.7. 

In  comparing  the  ratio  of  carbon  to  nitrogen  obteined  by  other  investigators, 
the  differences  in  the  methods  employed  may  explain  whatever  differences  in 
ratios  appear.  Munk  (7)  in  determining  the  carbon  in  the  nrine  dried  5  or 
10  cc.  of  the  acidulated  urine  with  powdered  copper  oxide  on  the  water  bath 
and  after  mixing  the  material  with  coarsely  powdered  copper  oxide,  burned  it 
in  the  combustion  tube  as  usual.  Determinations  of  the  urine  obtained 
in  the  experiment  with  Cetti  were  possible  on  only  two  days,  namely,  on  the 
first  and  fifth  fasting  days.  On  the  first  day,  during  which  13.55  grams  of 
nitrogen  were  eliminated,  there  were  12.63  grams  of  carbon  giving  the  ratio 
C :  K  =  0.9.  On  the  fifth  fasting  day,  there  were  14.85  grams  of  carbon  and 
10.69  grams  of  nitrogen,  the  ratio  being  1.39.  Munk  states  that  in  his 
opinion,  the  determinations  made  on  the  fifth  day  are  too  large. 

The  determinations  of  Breithanpfs  urine  were  made  very  carefully  and  the 
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In  only  one  of  Uie  sereral  fastiDg  experiments  previously  made  in  ttuB 
laboratory  "  vas  the  carbon  determined  in  the  urine.  In  experiment  N^o.  36, 
which  lasted  one  day  there  were  8.54  grama  of  carbon  excreted  and  11.34  grams 
of  nitrogen.    The  ratio  was  C :  N  =  0.753. 

The  method  of  determining  the  carbon  in  orine  at  preBent  in  nee  in  this 
laboratory  is  aa  followa:  Five  or  10  cc.  of  urine  (the  amount  depending  upon 
the  specific  gravity)  is  drawn  into  an  aluminum  dish  and  evaporated  nearly  to 
di3niess  in  a  vacuum  desiccator.  The  partially  dried  mass  is  transferred  from 
the  aluminum  dish  to  a  copper  combustion  boat  and  dried  again,  prior  to 
combustion  in  the  Liebig  combustion  tabe.  In  tliis  process  there  is  unques- 
tionably a  loss  of  nitrogenous  and  carbonaceous  material,  which  it  has  as  yet 


Taslk  201.— JtaWo  of  carimn  to  nitrogen  of  uHne  in  expoHmenf  with  Breithaupt, 
Cettt,  and  J.  A. 
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been  impossible  to  prevent  The  method  does,  however,  give  as  high  results 
for  carbon  as  any  method  with  which  we  are  familiar  and  consequently  it  has 
been  used  in  all  the  experiments  here  given. 

The  total  quantity  of  carbon  and  the  total  nitrogen  excreted  daily  in  the 
urine  together  with  the  ratio  of  carbon  to  nitrogen  are  given  in  table  202.  It 
should  be  remembered  that  in  experiments  Nos.  69  and  68,  the  apportionment 
of  the  carbon  over  the  different  days  was  made  according  to  the  nitrogen  elimi- 
nation, and  hence  only  the  ratio  for  the  total  excretion  for  each  experiment  can 
be  used.  In  all  the  other  experiments,  the  carbon  was  determined  for  each 
day  and  hence  the  daily  ratios  may  properly  be  used. 

The  lowest  carbon  elimination  in  any  experiment  was  on  the  first  day  of 
experiment  No.  71,  fi.32  grams,  while  the  highest  was  on  the  fourth  day  of 
experiment  No.  77,  14.57  grams.  BoQi  these  ezperiments  were  with  the  same 
subject  and  t^us  they  serve  to  show  the  wide  variations  that  may  occur  in  the 
carbon  elimination  in  the  urine  of  a  fasting  man.  The  most  striking  variatiMi 
in  any  one  experiment  is  Been  in  experiment  No.  77,  when  on  the  first  day  the 
elimination  of  carbon  vras  7.97  and  on  the  fourth  day,  14.57  grams.  In  consid- 
ering the  long  experiments,  it  is  noteworthy  that  the  carbon  elimination  is 
invariably  lowest  on  the  first  day  and  on  Qie  remaining  days  is  relatively 
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constant.  The  tro  most  marked  instances  occor  in  experimenfB  Koe.  77  and 
75.  In  the  former  the  carbon  roee  from  7.97  grams  on  the  first  day  to  13.94 
grams  on  the  second,  and  in  tiie  latter  from  8.14  grams  on  the  first  day  to  11.50 
grams  on  the  second  day,  remaining  practically  constant  thereafter. 

Tabu  202.— Ratio  of  oarbon  to  nUrogen  of  uHne  in  metOboJUm  «»|)«rf)i(«t(< 
without  food. 
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ThtiB  it  appears  that  tlie  influences  whicli  affect  the  nitrogen  eliminatioD 
on  the  first  day  also  affect  the  carbon  elimination,  and,  indeed,  in  an  even 
more  striking  manner. 

The  ratio  of  the  carbon  to  the  nitrogen  presents  wide  variations,  the  Tnin'Tnim 
being  observed  on  the  third  day  of  experiment  "So.  71,  namely,  0.660,  and  the 
maximum  on  the  second  day  of  experiment  No.  77,  1.293.  While  in  experi- 
ments N'oe.  73  and  75,  there  appears  to  be  a  tendency  for  the  ratio  to  increase 
as  the  fast  progresees,  in  experiment  No.  77,  the  ratio  remeina  almost  constant 
after  the  first  day.  Practically  the  same  can  be  stated  regarding  experiments 
Nob.  69  and  71.  In  the  series  of  Snlay  experiments,  the  ratios  exhibit  rather 
wide  fluctuations  on  the  different  days  of  different  eiperiments,  but  the  averages 
for  the  two  days  of  each  experiment  agree  quite  closely,  the  extremes  being 
0.909  and  0.701.  There  seema  to  be  no  general  rule  regarding  the  fluctu- 
ations  seen  in  the  ratios  for  the  first  and  second  days  of  the  different  experi- 
ments. Of  special  interest  is  the  fact  that  with  the  same  subject,  S.  A.  B.,  the 
average  ratio  varied  from  0.726  in  experiment  No.  73  to  11193  in  experiment 
No.  77.  In  fact,  in  the  four  experiments  with  S.  A.  B.,  there  is  a  constancy  in 
the  ratio  in  the  first  two  experiments  and  a  marked  increase  in  experiment  No. 
75,  with  a  still  further  increase  in  experiment  No.  77. 

If  the  high  ratios  obtained  in  the  Middletown  experiments  are  the  results  of 
errors  in  determinationB,  they  may  be  accounted  for  in  only  two  ways — ^first, 
the  determination  of  nitrogen  may  be  low,  and  second,  the  detennmation  of 
carbon  may  be  high.  Begarding  the  former  point,  it  is  hardly  to  he  considered 
that  the  results  as  determined  by  the  Kjeldahl  metiiod  are  too  low.  In  fact, 
check  tests  with  organic  materials  of  known  nitrogen  content,  which  are 
frequently  made,  show  the  method  and  apparatus  to  be  unusually  accurate. 
Furthermore,  in  all  these  cases,  the  nitrogen  was  determined  in  all  of  the  four 
periods  as  well  as  in  the  composite  and  the  agreement  was  invariably  very 
satisfactory. 

On  the  other  band,  a  critical  inspection  of  the  method  for  determining 
carbon  renders  it  almost  impossible  to  believe  that  the  carbon  results  are  too 
high.  While  Munk  (7),  in  discussing  his  determination  of  carbon  in  Getti's 
urine,  was  of  the  opinion  that  the  excessive  amount  of  water  in  the  dried  urine 
might  have  escaped  absorption  in  the  first  calcium  chloride  tube  of  the  absorp- 
tion system  and  thus  be  subsequently  held  in  the  potash  tube,  here  the  urine 
was  completely  dried  in  a  vacuum  desiccator  and  sulphuric  acid  was  used  for 
the  first  tube  to  absorb  the  moisture  resulting  from  the  combustion.  Farther- 
more,  it  is  the  general  experience  in  all  laboratories  that  in  organic  elementary 
analysis,  the  determination  of  carbon  is  somewhat  lower  than  the  theoretical. 

Considering,  then,  the  possibilities  of  loss  of  carbon  dioxide  by  the  decom- 
position of  urea  or  ammonium  carbonate  during  the  process  of  drying,  it  would 
appear  that  the  results  for  carbon,  if  incorrect,  are  somewhat  too  low,  and 
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hence  the  ratioe  from  Uie  experiments  witii  S.  A.  B.  too  low  rather  thui  too 
high. 

The  apparently  ahnonoal  ratios  between  carbon  and  nitn^en  in  these  fasting 
fflcperiments  have  confirmation  so  far  as  the  determination  of  the  amoont  of 
carbon  is  ooncemed  in  fbe  ratio  of  the  energy  to  the  nitrogen.  (See  discnasion 
onder  energy  section,  p.  490.)  From  on  inspection  of  the  data  given  there,  it 
would  appear  that  the  ratio  of  carbon  to  nitn^rai  observed  is  wholly  in  accord 
with  what  would  be  expected  from  the  ratios  of  energy  to  nitrogen  and  hmoe 
rapport  the  view  that  the  high  ratios  here  observed  actnally  ezlBt  and  are  not 
dne  to  errors  in  analysis  or  computation. 

The  possibility  of  an  excretion  of  non-nitrogenoos  or  low-nitrogenoas 
material  in  the  nrine,  thereby  increasing  the  ratio  of  carbon  to  nitrogen,  will 
be  consido^  in  diacnssing  the  elimination  of  creatine  and  creatinine. 

CKBATIHINE  and  OEKA.TINB. 

Although  the  pressore  of  other  work  in  this  laboratory  pieclnded  analyses 
of  the  nrine  to  secnre  information  as  to  the  partition  of  the  nitrogen,  Prof. 
Lafayette  B.  Mendel,  of  Tale  University,  kindly  offered  to  make  determinations 
of  creatinine  in  the  nrine  of  experiments  Noa.  73  and  74,  suggesting  that,  in 
view  of  the  recent  appearance  of  Folin's  theory  of  protein  metabolism,  detep- 
minationfl  of  the  creatinine  output  of  a  fasting  man  would  be  of  interest  A 
DuboBC  colorimeter  was  obtained  later  and  in  all  experiments  subsequent  to  No. 
74,  the  detemunations  were  made  in  this  laboratory. 

Observations  regarding  the  excretion  of  creatinine  by  fasting  men  have 
hitherto  been  confined  to  those  of  Baldi'  and  E.  and  0.  Freund  (10)  on  Succi, 
and  by  Yan  Hoogenhujze  and  Yerploegh  (11)  on  a  fasting  girl.  Baldi 
determined  the  creatinine  elimination  of  Succi  during  the  Florence  fast  by 
using  the  Neuhauer  method.  On  the  seventh  fasting  day  he  found  by  this 
method  0.8011  gram  of  creatinine;  on  the  twelfth,  0.7169  gram,  and  on  the 
seventeenth,  0.4039  gram.  After  the  seventeenth  day,  although  creatinine 
could  be  determined  qualitatively,  it  was  not  present  in  weighable  amounts. 

E.  and  0.  Freund  (10)  likewise  using  the  Neubauer  method,  determined  fiie 
creatinine  in  the  21-day  fast  of  Sncci  made  in  Vienna  in  1896.  According  to 
their  observations,  the  creatinine-nitrogen  increased  from  0.134  gram,  on  the 
first  day  to  0.678  grun,  on  the  ninth  day.  The  authors  explain  that  the  increase 
was  probably  caused  by  the  exercise  which  Sued  had  with  the  sabre.  On  the 
tenth  and  eleventh  days  the  creatinine-nitrogen  fell  rapidly.  The  twelfth  day 
the  output  was  but  0.08  gram.  The  decrease  continued  as  the  fast  progressed, 
there  being  but  0.025  gram  of  creatinine-nitrogen  excreted  on  the  twenty-first 
iv- ^J 
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Folin's  "  metliod  for  determining  creatinine  was  osed  in  the  experimenta  with 
the  fasting  girl  Flora  Tosca,  It  is  not  stated  definitely  whetlier  the  urine  was 
heated  with  hydrochloric  acid  before  making  the  colorimetric  obserrationfl. 
It  is  not,  therefore,  clear  whether  the  amounts  of  creatinine  include  preformed 
creatine  (as  creatinine).  Urine  was  collected  in  three  periods  of  the  day,  from 
10  a.  m.  to  4  p.  m.,  4  p.  m.  to  10  p.  m.,  and  10  p.  m.  to  10  a.  m.  The  last  food 
was  taken  on  the  morning  of  June  10,  1906,  and  no  more  food  was  conanmed 
until  Jane  25.  I>nTing  the  fasting  period  the  subject  remained  at  rest,  save 
for  Z  honrs  of  gymnastic  exercise  on  Jnne  17.  The  quantity  of  creatinine  in 
the  urine  on  the  day  preceding  tia  fast  was  1.087  grams.  The  excretion  de- 
creased regularly  and  rapidly  to  Qie  eighth  day.  On  the  day  when  mnscnlar 
exercise  was  taken,  tiie  creatinine  amonnted  to  only  0.469  gram,  while  on  the 
following  day  it  rose  to  0.689  gram.  During  the  three  days  before  mnscttlar 
work  was  done  a  total  of  1.662  grams  was  excreted ;  the  total  ontpat  for  the 
three  following  days  was  2.006  grams.  The  excretion  then  decreased  to  about 
0.6  gram  daily,  remaining  fairly  constant  daring  the  remainder  of  the  fast. 

The  new  method  of  Folin  for  determining  creatinine  by  means  of  the  Jaff6 
reaction  was  used  in  many  of  the  experimenta  here  reported.  This  reaction 
is  not  given  by  creatine  and  hence  it  is  necessary  to  beat  the  mine  with  hydro* 
chloric  acid  to  convert  tiie  creatine  to  creatinine.  A  determination  of  the 
creatinine  in  the  urine  before  and  after  heating  witii  hydrochloric  acid  givee, 
therefore,  a  measore  of  the  amount  of  creatine  (in  terms  of  creatinine)  which 
is  present  in  the  urine.  It  has  been  found  in  a  large  number  of  experiments, 
that  tha  amount  of  preformed  creatine  in  the  urine  is  normally  very  small. 

In  table  203  the  results  of  the  creatine  and  creatinine  determinations  are 
given  for  the  fasting  experiments,  for  the  two  food  experiments  following 
fasting,  namely  Nos.  74  and  76,  and  for  the  two  nitrogen  metabolism  experi- 
ments Noe.  1  and  2  made  with  S.  A.  B.  In  all  experimenta  after  No.  74,  the 
determinations  were  generally  made  of  both  preformed  and  total  creatinine 
and  consequently  in  the  last  column  of  the  table  is  recorded  the  w^gbt  of 
creatine  (expressed  as  creatinine)  excreted. 

In  experiments  Nob.  73  and  74  the  quantities  of  urine  that  could  be  spared 
for  samples  to  be  sent  to  New  Haven  were  small,  and  hence  the  results  were  not 
as  satisfactory  as  those  made  in  our  laboratory  where  analyses  could  be  repeated 
as  desired,  and  where  they  could  be  made  on  the  day  immediately  following 
the  collection  of  the  sample.  It  is,  therefore,  more  especially  with  the  experi- 
menta beginning  with  No.  75  that  the  results  are  of  especial  importance. 

The  excretion  of  total  creatinine,  namely,  preformed  creatinine  plus  creat- 
inine formed  by  beating  the  creatine  of  the  orine  with  add,  remains  singularly 
constant  on  all  days  of  the  fast,  even  during  the  7-day  fast,  experiment  No.  75. 

"ZeltBclirlft  f.  phyelol.  Cbenile  (1904),  41,  p.  U8. 
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The  qoantity  of  prefoimed  creatinme  on  the  ooatrary,  is  Been  to  'i™™iaTi 
as  the  fast  progresaes.  la  general,  the  diminutioQ  ia  qtute  r^nlar  for  tiie  fint 
4  days  of  Uie  experiment  and  indeed,  when  the  reaolte  for  experiments  Nos. 
75  and  77  are  compared,  the  agreonent  betwe^i  the  two  ezperimente  ie  remark- 
able. On  the  fifth  day  of  experiment  No.  75,  ttie  lowest  excretion  of  preformed 
creatLoine  is  obserred.  After  this  day,  the  excretion  increases  sli^tly  until 
the  end  of  the  experiment. 


TAS.K  308.— CreottoiM  and  creatine  excreted  in  urine  (n  metaboUtm  experim«nU 
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H.E.B.,  1906: 

78.. 

B.A.B.,  1906: 

Oct.  18-14... 

1.836 

1.913 

.018 

lf*r.    *-  S.... 

1.287 

1.212 

0.086 

Oet  14-lB... 

1.418 

1.864 

.16* 

M4r.    6-0.... 

1.294 

1.061 

.988 

80.. 

C.E.T.,1906! 

Mh.    6-7.... 

1.407 

.966 

.661 

Oct.  37-98... 

1.506 

1.606 

Htr.    7-  8.... 

1.836 

.866 

.460 

Oct.  88-80,,. 

1.588 

1.808 

.140 

Usr.    8-9.... 

t.314 

.718 

.603 

81.. 

A.H.M.,  1906: 

M»r.    9-10.... 

1.818 

.788 

.686 

Not.  21-39... 

1.836 

1.194 

.042 

M«r.  10-11.... 

1.370 

.789 

.488 

Not.  39-28... 

1.867 

1.929 

.128 

76.. 

8.A.B.,  190S : 

89.. 

H.CK.,  1906: 

Mm.  11-18.... 

1.411 

1.187 

.374 

Not.  24-86... 

1.736 

1.648 

.088 

Hftr.  12-18.... 

1.S9S 

Not.  35-3«... 

1.79S 

1.780 

.066 

Mm.  18-14.... 

1.846 

88.. 

O.B.D.,  1906: 

Nl.. 

8.A.B.,  1906: 

Deo.  6-6 

1.817 

1.317 

.100 

Mar.  14-19.... 

1.666 

1.498 

.078 

Doc.  6-7 

1.868 

1.129 

.984 

Mm.  16-16.... 

1.488 

86.. 

H.M.P.,  1906: 

Mm.  1«-17.... 

1.361 

Dae.    9-10... 

'1.648 

■1.595 

'.018 

Mm.  31-98.... 

1.487 

D«c.  10-11 . . . 

1.708 

1.641 

.163 

Mm.  33-88.... 

1.688 

89.. 

D.W.,  1006: 
J>n.  10-11... 
Jan.  11-18... 

8.091 
1.966 

8.088 
1.938 

,068 
.044 

■DoM  not  iDcladB  ponlble  unonDt  Id  urine  li 


While  the  quantit)r  of  preformed  creatinine  gradually  diminishes  as  the  fast 
progresaes,  the  amonnt  of  creatine,  which  in  normal  urines  ia  extremely  small, 
gradually  increases,  and  on  the  sixth  day  of  tiie  fast  (No.  75),  there  is  excreted 
0.586  gram  of  creatine  (expressed  in  terms  of  creatinine). 
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The  same  may  be  said  regarding  the  ezcretion  of  creatine  in  experiment 
No.  77,  In  lie  ehorter  experiments,  the  amount  of  total  creatinine,  in  general, 
remains  fairly  constant.  The  reanlts  for  creatine  show  a  greater  amount  on  Hbe 
second  day  of  the  experiment  than  on  the  first  day  in  five  of  the  experiments, 
while  in  Nos.  82  and  89,  there  is  bnt  a  small  quantity  of  creatine  excreted  on 
both  days,  the  lesser  amount  being  excreted  on  the  second  day. 

The  interpretation  of  these  results,  according  to  Polin's  theory  of  protein 
metabolism,  would  indicate  that  the  amoiint  of  tissue  protein  disintegrated 
(endogenous  protein  katabolism),  eren  during  a  prolonged  fast,  remains 
constant  from  day  to  day.  While  on  the  one  hand  it  might  reasonably  be 
expected  that  the  tissue  protein  would  be  more  rapidly  katabolized  during 
fasting,  when  the  body  has  to  subsist  on  its  own  material,  Qtaii  during  the 
ingestion  of  food,  yet  on  the  other  hand  it  is  not  difficult  to  conceive  tiiat 
during  fasting  the  body  has  the  power  to  protect  its  organized  or  tissue  protein 
more  thoroughly  than  when  well  supplied  wifli  food.  Hence  the  constancy  in 
the  total  creatinine  elimination,  viewed  in  the  light  of  the  Folin  theory, 
furnishes  no  evidence  to  show  either  an  increased  or  diminished  endogenous 
protein  katabolism  during  inanition. 

While  with  a  normally  fed  individual  creatine  is  wholly  converted  by  the 
body  to  creatinine  before  being  excreted,  apparently  with  the  fasting  individual 
the  body  gradually  loses  this  power  of  converting  creatine  to  creatinine  as  the 
fast  progresses." 

The  data  thus  far  obtained  are  insufBcient  to  show  clearly  the  true  significance 
of  this  abnormality  in  the  power  of  the  body  to  convert  creatine.  Farther 
experiments  are  necessary  to  solve  this  specific  problem.  The  fact,  however, 
that  during  prolonged  fasting  the  body  loses  to  a  marked  degree  the  power  of 
converting  creatine  to  creatinine  is  suggestive  in  interpreting  results  of  the 
katabolism  of  tissue  protein  and  also  of  the  synthetic  power  of  the  body  in 
general.  It  is  furthermore  clear  that  while  the  majority  of  the  short  experi- 
ments indicate  a  loss  of  power  of  conversion,  experiments  should  be  continued 
for  more  than  two  days  to  throw  definite  light  on  this  subject 

In  a  recent  series  of  experiments  made  by  Folin,**  he  has  advanced  the 
suggestion  that  creatine  whejo  ingested  is  a  food  serving  a  purpose  different 
from  that  of  the  ordinary  amino  acids.  These  experiments  imply  that  when  the 
body  is  flooded  wiQi  protein,  as  after  a  diet  rich  in  nitrogenous  material,  the 
ingestion  of  creatine  is  followed  by  its  immediate  excretion,  while  creatine 
ingested  after  the  supply  of  reserve  protein  has  been  depleted  by  a  low  protein 
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Somewhat  similar  Teeolts  wete  obtained  by  Elercker.** 

While  in  some  ways  it  is  difBcnlt  to  barmoiiize  the  reeultB  of  Folin  and 
Elercker  with  those  here  reported,  both  sets  of  experimenta  emphasize  the  fact 
that  it  is  difficult  at  times  for  the  body  to  convert  creatine  to  creatinine. 

It  voald  appear,  then,  that  if  the  body  poBBesses  a  ferment  which  can 
dehydrate  creatine  to  creatinine,  the  secretion  or  possibly  the  activity  of  this 
ferment  is  markedly  decreased  hy  fasting. 

In  this  connection,  it  is  important  to  observe  the  rapidity  with  which  the 
body  recovers  its  power  to  convert  creatine  to  creatinine  after  flie  ingestion  of 
food.  Thns,  in  raqKriment  No.  76,  tiie  excretion  of  creatine  which  on  the  day 
previoos  (seventh  fasting  day)  was  0.488  gram  was  lednced  to  0.274  gram, 
although  this  day  differs  in  no  wise  from  the  day  preceding  except  in  that  the 
following  amounts  of  food  were  eaten:  651  grams  modified  milk,  1S3  grams 
apple,  313  grams  orange  jnice,  178  grams  shredded  wheat,  and  10  grams  gluten 
crackers. 

TTnfortnnately,  the  determinations  of  total  creatinine  on  the  two  following 
days  of  experiment  No.  76  could  not  be  made,  but  from  tiie  detenoinations  of 
creatinine,  made  before  heating  with  acid,  tiie  deduction  may  be  made  that 
the  normal  elimination  of  cieathiine  had  been  reached  on  the  second  day  of  the 
experiment,  and  that  in  all  probabili^  the  amount  of  creatine  excreted  on  this 
day  was  very  small.  In  fact,  3  days  later,  namely,  March  14-16,  the  amount  of 
creatine  was  again  determined  and  found  to  be  but  0.073  gram.  The  power  to 
convert  creatine  was  r^ained  in  an  even  more  8tri)dng  manner  in  nitrogen 
metabolism  experiment  No.  2.  The  creatine  excretiim  (as  creatinine)  of  April 
11-ld  was  0.538  gram.  On  the  next  day  with  food  (April  12-13)  it  was  only 
0.043  gram.  This  practical  disappearance  of  creatine  from  the  urine  was 
incidental  to  the  ingestion  of  food  on  the  first  day  that  the  subject  was  out  of 
the  respiration  chamber  and  subsisting  on  a  creatine-free  diet  of  his  own  selec- 
tion.   The  kinds  and  amounte  of  food  eaten  this  day  are  given  in  table  176. 

While  in  all  cases,  the  creatine  practically  disappeared  upon  the  ingestion 
of  food,  there  was  no  marked  increase  in  the  tetel  creatinine  from  day  to  day, 
which  indicates  that  the  creatine  had  simply  been  converted  to  creatinine  and 
excreted  as  such.  In  all  of  the  food  experiments  following  fast,  care  was  tsken 
to  avoid  foods  containing  creatine  and  creatinine,  though  throughout  the  nitro- 
gen metabolism  experiments  the  diet  was  practically  creatlne-free,  as  the  sub- 
ject ate  meat  on  only  one  or  two  occasions.  On  all  days  when  samples  were 
taken  for  creatinine  determinations  no  meat  bad  been  taJcen  for  24  hours. 

Excretion  of  creatinine  by  periods. — In  ezperimente  Nos.  75  and  76  the 
determinations  of  preformed  creatinine,  i.  e.,  creatinine  determined  before 
heating  with  acid,  were  made  on  the  samples  collected  dnring  each  period. 

"ZeiL  t  sesammte  Bloctaemle  (1906),  8,  p.  &9. 
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The  data,  therefore,  fnmish  eridence  as  to  the  ezcretioii  of  creatmine  during 
the  difFerent  peiiods  of  the  day.  Such  detemuDatiom  as  are  available  have  been 
placed  ia  table  S04.  A  comparigon  of  the  total  amount  in  Zi  hours  as  recorded 
in  this  table  and  the  coneeponding  amount  as  recorded  in  table  203  shows 
slight  discrepancies  on  the  different  days.  The  record  in  table  203  is  that 
determined  on  the  daily  composite  sample,  while  that  in  table  204  is  the  sum  of 
the  amonnts  of  preformed  creatinine  for  the  four  periods  of  each  day.  When 
the  large  volumes  of  urine  are  taken  into  consideration  the  agreement  is  as 
satisfactoiy  as  could  well  be  expected.  The  table  shows  the  actual  amonnt  of 
preformed  creatinine  excreted  in  the  periods  from  7  a.  m.  to  1  p.  m.,  from  1 
p.  m.  to  7  p.  m.,  and  the  total  for  the  first  12  hours  of  the  day,  the  amount  for 
the  night  being  given  in  one  column  as  was  the  case  in  table  198,  showing  the 
distribution  of  nitrogen  by  periods.  The  unequal  division  of  the  night  into  a 
4-hour  and  an  8-bour  period  makes  this  presentation  of  the  results  more 
satisfactory. 


ber." 

Subjcot  and  date. 

1p.m. 

^S-RS™. 

uZTA. 

ToUl 
houra. 

Tp.ni. 

Am-nt. 

PropOT- 

tlOD 

Am'at. 

76... 
M... 

8.A.B.: 

Uu.    4-  S 

Har.     fr-  e 

Mar.    6-  7. 

Mar.    7-  8 

Mar.    a-  9. 

Mar.    »-10 

Mar.  10-11 

8.A.B.: 

Mar.  11-13 

Mar.  ia-I8 

Mar.  18-H 

OnMM. 

0.840 
.SIS 
.386 
.248 
.169 
.1S7 
.146 

.aes 

.865 
.848 

at 

0 

830 
SM 
233 
213 
148 
IS8 
176 

802 
804 
SGO 

Oromt. 

0.670 
.80S 
.468 
.4S6 
.817 
.816 

.sas 

.666 
.669 
.698 

Perct. 

64.6 
64.4 
93.6 
63.8 
48.8 
48.6 
44.4 

60.7 
S4.8 
61.9 

Or 
0 

am*. 

658 
476 
415 
336 
833 
885 
406 

649 
604 
MS 

Ftrtt. 

45.4 
46.6 
47.6 
41.7 
51.8 
51.6 
55.6 

49.8 
45.7 
48.1 

Or 

1 
1 

1 
1 

flsa 

M5 

878 
780 
649 
050 

728 

114 
S8S 
846 

Considering  first  the  apportionment  of  the  total  preformed  creatinine 
excretion  between  the  day  and  the  night  periods,  the  figures  show  that  during 
the  day  the  per  cent  may  be  as  low  as  44.4  of  the  total  and  as  high  aa  68.3. 
The  percentage  excreted  during  the  day  has  a  distinct  tendency  to  become 
lower  aa  the  fast  progreesee.  Aside  from  the  68.3  per  cent  on  the  fourth  day  of 
the  fast,  the  decrease  is  very  constant  On  the  ingestion  of  food,  the  excretion 
of  performed  creatinine  during  the  first  12  hours  of  the  day  averages  about  63 
percent 
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80 

8t 

88 

88 

PioportloD  of 
toUu  DltrogflD. 


Bnbjeot  utd  dato. 


8.A.B.,    J>D.  98-9».. 

Ju.  90-80. . 

Jul.  80-31.. 

Jku.  Sl-Fab.   1. 

reb.  1-9.. 
S.A.B.,  Feb.    S-  8.. 

rab.    8-  4.. 

r*b.  4-fi.. 
8.A.B.,   Hmr.    4-  6., 

Mu.    S-  «.. 

Mw.    «-  7.. 

Uar.    T-  8.. 

Hm.    S-  0.. 

Hu.    9-10.. 

Mar.  10-11.. 
8.A.B.,   Hkr.  11-lS.. 

Mar.  13-18.. 

Umr.  IS-M.. 
S.A.B.,  Hu.  14-lS.. 
8.A.B.,    Apr.    8-  B.. 

Apr.    O-IO.. 

Apr.  10-11.. 

Apr.  11-18.. 
8.A.B.,    Apr.  ia-18,. 

Apr.  18-14.. 

Apr.  18-19,. 
H.S.8.,  Oct.  18-14. . 

Oct.  14- IG. . 
C.E.T.,  Oct.  87-98.. 

Oct  88-38. 
A.H.U.,  Not.  91-99.. 

Hot.  39-88.. 
H.C.E.,  NOT.94-9S.. 

Not.  35-98. . 
H.B.D.,  Dee.    5-  8.. 

Dm.  0-  7.. 
N.H.P.,  Dee.   »-10.. 

Dee.  10-11.. 

19IM. 
D.W..     Jmn.  10-11.. 


10.80 
11.07 
11.64 
10.80 
0.08 
10.74 
8.3B 
fl.TS 
18.84 
19.46 
18.09 
11.08 
10.87 
10.74 
10.18 


19.01 
8.81 
10.78 
10.06 
11.46 
11.14 
11.06 
19.79 


8.78 
9.81 
9.88 
4.14 
8.88 
4.66 
4.78 
8.78 
8.87 
4.03 
4.34 


4.87 
S.18 

4.09 
6.87 
4.04 
4.00 
4.61 
4.8S 
4.64 
8.01 
5.88 
3.08 
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On  comparing  the  ezcretioD  of  creatinine  during  the  first  13  home  of  the  day 
vith  the  total  nitiogen  (see  table  198)  it  is  seen  that  while  in  experiment  No. 
75  on  the  average  57.7  per  cent  of  the  total  nitrogen  for  S4  hours  is  excreted 
between  7  a.  m.  and  7  p.  m.,  but  51.6  per  cent  of  the  preformed  creatinine  is 
excreted  during  the  same  period.  Fnrthennore,  while  the  proportion  of 
nitrogen  excreted  during  the  first  12  hours  of  the  day  remains  quite  constant 
on  all  days  of  the  fast,  the  proportion  of  creatinine  has  a  distinct  tendency  to 
diminish  as  the  fast  progresses. 

Proportions  of  creatine  nitrogen  a7^d  total  creatinine  nitrogen  excreted. — The 
proportions  of  the  total  urinary  nitrogen  derived  from  creatinine  nitrogen  and 
creatine  nitrogen  are  of  interest.  The  amoonte  of  total  nitrogen^  total  creatine- 
nitrogen  and  of  total  creatinine-nitrogen,  ba  well  as  the  proportions,  are  given 
in  table  SOS. 

The  absolute  amounts  of  total  creatinine-nitrogen  vary  from  0.394  gram  to 
0.778  gram.  While  these  wide  variations  are  noted  with  different  individuals, 
with  tiie  same  individuals  the  absolute  amount  is  relatively  constant.  The 
nitrogen  of  creatine  is  inappreciable  save  on  the  later  days  of  the  longer  faste, 
the  highest  amount  observed  being  on  the  sixth  day  of  experiment  No.  75, 
0.188  gram.  The  relative  constancy  in  the  creatinine-nitrogen  from  day  to  day 
is  not  accompanied  by  a  similar  constancy  in  Qie  total  nitrogen  excretion, 
hence  the  proportion  of  creatinine-nitrogen  in  total  nitrogen  varies  somewhat. 
In  experim^t  No.  76,  there  is  a  distinct  tenden<^  for  the  proportion  of 
creatinine-nitrogen  to  increase  as  the  fast  progresses,  while  in  experiment  No. 
77  the  reverse  is  true.  An  inspection  of  the  figures  shows  that  in  almost  every 
instance  the  variation  is  due  to  the  fluctuations  in  the  totel  nitrogen  of  the 
urine  rather  than  to  the  nitrogen  of  creatinine. 

The  proportion  of  creatine  nitrogen  in  the  totel  nitrogen  is  exceedingly 
nnall  on  all  save  the  later  days  of  fast.  The  highest  per  cent  observed  was  1.75 
on  the  sixth  day  of  experiment  No.  75.  It  is  highly  probable  that  errors  in 
determination  may  account  for  the  minute  quantities  of  creatine  found  on  the 
first  day  of  fasting. 

Relation  of  total  creatinine  excreted  to  hody-weight. — As  Folin  has  pointed 
out,  the  totel  creatinine  excretion  is  relatively  onaffected  by  the  total  nitrogen 
excretion  when  creatinine-free  diete  are  consumed.  The  total  creatinine  elimi- 
nation does  vary,  however,  according  to  the  individual,  and  in  general,  with 
body-weight.  With  persons  of  the  same  body-weight,  neverthdess,  marked 
differences  in  the  proportion  of  body  fat,  and  height,  may  result  in  marked 
variations  in  the  amount  of  creatinine  excreted  per  kilo  of  body-weight.  For 
purposes  of  comparison,  the  date  regarding  the  body-weight  and  the  total 
creatinine,  as  well  as  the  total  creatinine  per  kilo  of  body-weight,  are  given  in 
teble  206. 
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The  average  total  creatinine  excreted  per  kilo  of  bodj-weig^t  is  23.3  mg. 
The  lowest  obserred  amount  vas  17.6  mg.  in  experiment  No.  74  and  the 
highest  27.8  mg.,  during  a  l~day  obBeiration  in  the  first  nitrogen  metabolism 


Subject  >DddniatloD  or 

(o) 
weigft,' 

of  body- 

B.A.B.,    Jul  SSto  Feb.  8,  IVOB.... 

fl.A.B.,   Feb.     ato   6,1006 

S.A.B.,   Hh.     4tol1,190S 

B.A.B.,   Mm.   lltoU,  IB06 

S.A.B.,    Uar.  14  to  3S,  190S 

8.A.B.,   Apr.     Stoia,ie05 

fi.A.B.,   Apr.  latolV,  190S 

H.E.8.,    Oct  18  to  l^  1905 

C.H.T.,   Oct.  27  to  89,  1905 

A.B.H.,  Not.  21  to  SS,  lOOS 

H.a  K.,  Nov.  34  to  25,  1906 

H.B.D.,  Dee.    6  to    7,  IBOS 

N.M.P.,  Dec.    »to  11,1906 

D.W.,      Ju.  10  to  12,  :»Ofl 
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59.6 
'57.7 
»60-l 
60. a 
07. S 
60.0 
70.4 
54.0 
86.5 
77.8 

"ra. 

17.0 
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In  comparing  different  experiments  on  the  same  subject,  as,  for  example, 
experiments  Nob.  73-77  and  the  two  nitrogen  metabolism  experiments,  it  is  to 
be  noted  that  in  some  of  them  the  observations  were  confined  to  one  day.  Aside 
from  the  results  obtained  in  experiments  Noe.  73  and  74,  the  uniformity,  not 
only  with  the  same  individoal  in  the  different  experiments,  but  likewise  with 
different  individualB,  is  very  striking.  The  results  here  obtained  are  wholly  in 
accord  with  those  observed  by  Folin,*  Closson,"  Klercker,"  and  Van  Hoogea- 
hnyze  &  Yerploegh  (11)  in  normal  individuals. 

In  discussing  the  results  of  the  determinations  of  creatine  and  creatinine  is 
the  urine  of  fasting  men  by  the  Folin  method,  the  possibility  of  the  presence  of 
other  bodies  in  the  urine  giving  color  reactions  with  sodium  picrate  must  be 

"Amer.  Joum.  Phyalel.  (1906),  IS,  p.  86. 
"Amer.  Jonm.  PhTSioL  (1906),  16,  p.  262. 
"Beltra«e  mr  cbem.  FbTsiol.  u.  Path.  (1906),  8,  p.  69. 
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ooiisidered.  Ab  was  pointed  out  b;  Jaff£,"  ftcetone  gives  the  eame  color  vith 
aodiom  picrate  that  creatinine  piodnceB.  Folin  "'  f  onnd  that  acet-acetic  acid, 
acet-acetic  ether,  and  hydrogen  sulphide  also  give  the  reaction,  but,  as  he  pointa 
out,  theee  congtitaeiita  are  all  pathological  and  can  easil;  be  tcmored  from 
tuioe.  With  the  urine  from  fasting  men,  the  researches  of  Brugsch  (12), 
especially,  have  shown  the  presence  of  p  oxybntyric  acid  as  a  constant  constit- 
ttent  as  well  as  amino  acids  and  acetone.  Kuelz  "  showed  that  even  after  3  or 
4  days  of  fasting  in  the  case  of  insane  patients,  p  ozybn^ric  acid  was  present. 
The  influence  of  these  acids  on  the  Jaff£  reaction  has  not  to  our  knowle^  been 
studied.  Since  unquestionably  acetone  "  is  formed  in  the  mine  of  fasting  man, 
it  is  at  least  possible  that  constituents  other  than  creatinine  may  produce  the 
color  with  sodium  picrate. 

No  precautions  were  employed  to  remove  these  abnormal  conatitnents  of  the 
mine,  but  daring  the  heating  with  hydrochloric  acid  the  acetone  would  in 
large  part  be  expelled. 

It  is  possible  to  conceive  of  an  increased  production  of  compounds  giving 
a  color  with  sodinm  picrate  as  the  fast  progresses,  and  thus,  in  part  at  least, 
aoconnt  for  the  apparently  constant  elimination  of  total  creatinine.  On  the 
other  hand,  it  is  hardly  probable  that  the  production  of  other  color-producing 
materials  should  proceed  at  such  a  rate  as  to  exactly  compensate  for  any 
possible  falling  oft  in  the  production  of  creatinine,  and  hence  while  the  results 
must  be  accepted  with  some  reserve,  it  would  appear  that  during  fasting,  the 
output  of  total  creatinine  remains  constant,  while  the  relative  proportion 
between  preformed  creatinine  and  creatine  indicates  a  constant  change,  the 
proportion  of  creatine  increasing  as  the  fast  progresses. 

Since  this  report  was  written  evidence  regarding  the  presence  of  creatine  in 
pathological  urine  has  been  collected  which  would  tend  to  austain  the  alternate 
explanation  of  the  presence  of  creatine  given  in  a  snbsequent  section  of  this 
report.    (See  p.  458.) 

UBIO  AOID. 

Unfortunately,  the  excretion  of  uric  add  in  fasting  man  has  been  only 
imperfectly  studied,  and  in  the  experiments  here  reported  but  few  observations 
were  made.  In  some  of  the  samples  of  the  urine  sent  to  New  Haven  for 
determination  of  creatinine.  Professor  Mendel  kindly  made  determinationa  of 
the  uric  acid.  It  was  found  impracticable  to  carry  out  theee  determinationa  in 
the  Gubsequent  experiments  with  the  limited  amount  of  urine  at  our  disposal. 

^  ZelL  t  phTalol.  Chemle  (1886),  10.  p.  3M. 
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The  earliest  records  of  the  determination  of  uric  acid  in  the  nrine  of  fasting 
man  with  which  we  are  familiar  are  those  of  Ranke."  In  three  84-hoiir  fasts 
he  found  0.236,  0.033,  and  0.24  gram  of  nric  acid,  respectively.  The  anther 
makes  no  codunent  on  the  onnBtiaUy  email  amount  obtained  in  the  second 
experiment 

Pettenkofet  and  Toit"  determined  the  uric  acid  in  a  24-hoiir  fasi  The 
authors  report  that  the  subject  excreted  0.S584  gram  of  uric  acid.  TTnquea- 
tionably  this  excretion  was  somewhat  augmented  by  the  considerable  qnantitiea 
of  beef  extract  that  were  consumed. 

Uric  acid  was  not  determined  by  Laciani  (4)  in  the  experiments  on  Succi. 

Monaco  "  determined  the  nric  acid  in  a  20-day  fast  made  by  Sacci.  Using 
the  Salkowski  method  he  obtained  on  the  last  day  with  food  0.8228  gram  of 
uric  acid,  and  on  the  eighteenth  and  twentieth  days  of  the  fast  0.3565  and  0.244 
gram,  respectively.  On  the  second  day  after  the  fast  the  uric  acid  amounted 
to  0.6B39  gram.  According  to  the  author  the  relation  betwewi  the  total  nitrogen 
and  uric  acid  did  not  appear  constant. 

In  the  two  fasting  experiments  reported  by  Sadovyen  (2)  uric  acid  was 
determined.  In  the  first  experiment,  which  lasted  3  days,  and  during  which 
no  water  was  consumed,  the  subject  excreted  0.301  gram  of  uric  acid  in  34 
hours.  On  the  second  day  0.291  gram  was  excreted.  In  a  subsequent  4-day 
fasting  experiment,  the  nric  acid  excretion  was  0.413,  0.201,  0.301,  and  0.357 
gram,  respectively. 

The  most  elaborate  series  of  observations  recording  the  excretion  of  uric 
acid  in  fasting  man  is  that  of  E.  &  0.  Freund  (10).  The  uric  acid-nitrogen 
was  determined  on  nearly  every  day  of  the  21-day  fast  The  largest  amount 
recorded  was  tm  the  first  day,  0.29  gram  (0.8?  gram  nric  add),  and  the 
smallest  amount  on  the  twenty-first  day,  0.046  gram  (0.138  gram  nric  acid). 
The  quantity  of  uric  acid-nitrogen  gradually  diminidied  as  the  fast  progressed, 
although  but  little  change  occurred  after  the  fifth  day. 

Bmgsch  (12)  reports  only  the  total  purin-nitrogen,  no  attempt  being  made 
to  isolate  the  nitrogen  of  uric  acid.  For  the  last  7  days  of  the  30-day  fast,  the 
total  purin-nitrogen  varied  from  0.104  gram  to  0.146  gram. 

Schreiber  &  Waldvogel"  observed  the  uric  acid  output  of  two  individuals 
each  of  whom  fasted  3  days.  The  uric  acid  excretion  for  the  3  successive  days 
was  0.390,  0.233,  and  0.19'!'  gram  with  one  subject,  and  0.718,  0.405,  and  0.205 
gram  with  the  second  subject  B.  Orgler  **  reports  that  daring  a  1-day  fast  he 
excreted  0.480  gram  of  uric  acid. 


^Areh.  AnaL  u.  PhTBlol.  (18S21.  I 
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The  quantities  of  uric  acid  observed  in  the  fasting  experiments  here  reported 
are  unusually  small.  For  the  five  days  of  fasting  experiment  No.  73,  the 
quantities  of  oric  acid  per  day  were  0.172,  0.128,  0.083,  0.069,  and  0.054  gram, 
respectively.  It  is  to  be  noted,  however,  that  on  the  last  3  days  of  tiie  fast, 
the  quantities  of  sample  available  for  the  oric  acid  determinations  were  so  small 
as  to  render  the  results  reasonable  estimates  rather  than  accurate  determina- 
tions. The  fact  remains,  however,  that  remarkably  small  amoimta  of  uric 
acid  were  excreted  by  this  subject  on  the  last  3  days  of  the  fast.  With  thd 
reaumption  of  the  ingestion  of  food,  which  was  of  a  purin-free  nature,  i.  e., 
milk,  the  uric  acid  excretion  increased.  On  the  3  days  of  experiment  No.  74, 
in  which  the  subject  remained  inside  the  chamber,  tiie  nric  acid  excretion 
was  0.339,  0.537,  and  0.407  gram,  respectively.  On  the  first  day  after  the 
subject  left  the  reepiration  chamber,  when  he  partook  of  an  elaborate  diet 
of  varied  nature,  the  uric  acid  excretion  increased  to  0.744  gram. 

In  the  absence  of  more  complete  data,  little  can  be  said  regarding  the  uric 
acid  excretion  in  the  fasting  experiments  here  reported,  save  that  the  evidence 
seems  to  indicate  that  remarkably  small  amounts  of  uric  add  are  excreted  by 
fasting  man  after  the  first  one  or  two  days  of  the  fast.  This  observation 
agrees  in  general  with  that  of  E.  &  0.  Freund  (10)  save  that  the  estimated 
amounts  excreted  by  S.  A.  B.  are  considerably  less  than  the  quantities  for  the 
corresponding  fasting  days  observed  on  Succi  in  the  Yi^ma  fast.  The 
unusually  low  uric  acid  excretion  observed  in  one  day  fasts  by  Banke  "  likewise 
indicates  that  during  even  a  short  period  of  inanition  the  uric  acid  output  may 
be  greatly  reduced. 

PATHOLOQIOAL  OON8TITDENTS  OP  THE  ORINE. 

Of  the  ordinary  pathological  coostitnents  in  urine  (albumen  and  sugar) 
albumen  haa  not  been  found  in  any  of  the  long  fasts  made  by  Succi,  and  in 
but  one,  E.  &  0.  Freund  (10),  was  sugar  present.  The  observations  of 
Brugsch  (12)  on  acidosis  showed  the  presence  of  p  oxybutyric  acid. 

Careful  tests  of  all  the  samples  of  urine  of  the  experiments  here  reported 
showed  in  no  instance  the  presence  of  albumen  or  sugar.  The  large  increase 
of  carbon  in  the  urine  in  experiment  No.  ?7,  may,  as  has  been  before  stated, 
have  been  caused  by  the  formation  of  /8  oxybutyric  acid,  although  no  direct 
evidence  of  its  presence  was  obtained. 


Sulphur  in  the  nrine  is  derived  almost  wholly  from  the  oxidation  of  the 
sulphur  in  the  protein  molecule,  for  a  very  small  amount  of  preformed  sulphuric 
acid  is  taken  with  the  food  or  drink.  Consequently,  as  an  index  of  protein 
katabolism,  the  total  elimination  of  stilphur  in  the  urine  may  be  of  value. 

"Loc.  cit. 
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Sulphur  occure  in  the  urine  in  at  least  three  different  fomu:  Fiist, 
preformed  sulphuric  acid;  second,  oxidized  eulphnr  which  is  combined  with 
some  organic  radical  to  form  the  so-called  ethereal  sulphates;  and  third,  the 
unozidized  or  "  neutral "  sulphur.  Not  only  did  some  of  liie  earlier  investi- 
gators fail  to  recognize  clearly  the  diSerent  forms  of  sulphur  or  ttieir  signifi- 
cance, but  in  the  records  of  the  detenninationa  which  faare  been  made  there 
has  been  more  or  lees  lack  of  uniformity  in  the  method  of  expieesing  the 
results.  Some  authors  have  expressed  their  data  as  S,  others  as  H,SO«  and  still 
others  as  SO,.  Since  but  little  is  known  of  the  nature  of  the  neutral  sulphur, 
it  seems  most  logical  to  record  the  total  sulphur  elimination  as  S,  rather  than 
H,SO«  or  S0„  and  in  subsequent  reports  it  will  be  so  expressed. 

In  consideratioa  of  the  fact  that  much  of  the  earlier  work  is  here  presented, 
and  that  physiological  chemists  have  not  been  accustomed  to  interpret  the 
results  of  sulphur  determinationB  in  terms  of  solphur,  in  all  the  experiments 
here  reported  the  old  usage  is  retained.  To  pare  ihe  way  for  tlie  subsequent 
expression  of  the  results  of  analyses  in  terms  of  sulphur,  the  averages  for  the 
different  days  of  the  experiment  are  given  in  heavy  faced  l^pe  in  tables  208, 
210,  and  211  as  sulphur  (S)  along  with  the  results  expressed  as  sulphur  trioxide 
(80.). 

From  a  careful  computation  of  the  results  as  presented,  the  data  for  earlier 
fasting  experiments  (all  calculated  on  the  same  basis,  namely,  SOt,  for 
purpoeee  of  comparison)  are  given  in  table  207  herewith.  TJnfortunatdy  the 
determinations  on  Sued  in  Florence  and  Naples  did  not  include  the  total 
sulphur,  hence  there  are  no  data  for  these  fasts  regarding  the  neutral  sulphur. 
E.  &  0.  Freund  (10)  reported  the  total,  the  inorganic,  the  ethereal,  aud  the 
neutral  sulphur. 

The  results  reported  by  Sadovyen  (2)  did  not  indnde  tiie  neutral  sulphur 
and  hence  are  comparable  to  the  results  in  other  experiments  In  which  the 
inorganic  and  ethereal  alone  were  determined. 

It  haa  recently  been  pointed  out  by  Folin"  that  the  determination  of 
sulphuric  acid  as  barium  sulphate  involves  technicalities  that  have  in  many 
instances  been  overlooked.  Hence  the  comparison  of  the  results  obtained  by 
different  investigators  by  the  determination  of  sulphuric  acid  in  the  urine 
is  somewhat  questionable.  In  fact,  it  is  tolerably  clear  that  much  of  the  older 
work  involves  errors  which  render  even  the  determinatious  of  total  sulphur 
unreliable.    Moreover,  any  errors  in  the  determinations  of  either  total  sulphur 
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Total  sulphur. — Th«  excretion  of  total  Bnlphnr  expressed  ae  SO,  in  the 
fasting  experimenta  here  reported  is  given  in  table  808.  The  averages,  ex- 
pressed  as  S  and  SOu  are  both  incladed  in  the  table. 

At  the  time  these  determinations  were  made  Folin's  critical  diBcnssion  of 
the  method  of  determining  solphnr  had  not  appeared  and  hence  these  deter- 
minations  are  probably  Bnbject  to  all  the  errors  there  pointed  ont.  Nevertheless, 
they  represent  a  determination  as  accurate  as  most  of  the  earlier  vork,  and 
also,  in  all  probability,  give  results  that  are  comparable  so  far  as  the  difEerent 
days  of  the  same  experiment  are  concerned. 
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The  total  excretion  of  sulphur  bioxide  on  tlie  first  da;  of  these  fasts  ranges 
from  0.969  gram  to  3.173  grams,  averaging  for  the  12  experiments  1.468 
grams.  On  the  second  fasting  day,  the  variations  are  from  1.606  to  2.148 
grams,  and  the  average  is  1.806  grams.  In  all  but  two  cases,  experiments  Nos. 
83  and  86,  tiiere  was  a  distinct  increase  in  the  amount  on  the  second  day 
over  the  firsi 
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Of  the  6  ezperiments,  which  lasted  3  days  or  more,  the  excretion  for  the 
third  day  was  loweat  in  No.  77,  i.  e.,  1.709  grams,  and  Mghert  in  No.  69,  2.089 
grams.  The  average  for  the  5  ezperimentB  wae  1.867  grams,  which  indicates 
OD  the  whole  a  still  greater  increase  in  the  ontpat  as  the  fasts  progressed.  In 
fact,  in  all  of  the  5  experiments  which  lasted  3  days  and  over,  the  excretiim 
was  higher  on  the  third  than  on  the  second  day. 
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'  Doee  not  iDClWle  povlble  mmonnt  tn  urliie  leit 

There  were  6  experiments  in  which  the  fast  continued  for  4  days  or  more. 
The  on^nt  ranges  from  1.651  grams  in  experiment  No.  77  to  1.971  graniB  in 
experiment  No.  69.  In  every  instance  there  was  a  decrease  from  the  amount 
excreted  on  the  third  day. 

Observations  regarding  the  6fth  day  of  the  fast  are  found  in  but  3  experi- 
ments, Nos.  73  and  75.  In  No.  73,  the  excretion  was  1.765  grams,  a  slight 
increase  over  the  fourth  day,  while  in  experiment  No.  76,  the  excretion  was 
somewhat  less  than  on  the  fourth  day,  i.  e.,  1.6G8  grams. 

The  sulphur  trioxide  excretion  for  the  sixth  and  seventh  days  of  experiment 
No.  76  showed  a  slight  but  persistent  decrease.  It  is  interesting  to  note  that 
the  excretion  on  the  seventh  day  was  almost  identical  with  the  excretion  of  the 
first  day  of  experiment  No.  75. 

Considering,  then,  the  results  as  obtained  from  tbeee  experiments,  it  is  seen 
that  the  excretion  of  sulphur  increases  on  the  second  day.  There  is  an  increase 
on  the  third  day  and  a  steady  diminution  on  the  succeeding  days  of  the  fast. 

Ratio  of  nitrogen  to  total  sulphur. — Since  practically  all  the  Bulphnr  in  the 
urine  results  from  the  katabolism  of  protein,  a  parallelism  in  the  excretion  of 
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nitrogen  and  sulphur  is  to  be  expected.  Indeed,  it  has  long  been  urged  that 
the  sulphur  excretion  is  as  true  a  measure  of  protein  katabolism  aa  ia  the 
nitrogen  excretion.  In  the  fasting  experimenba  with  Cetti  and  BreiUiaupt, 
Munk  (7)  computed  the  ratios  between  the  nitrogen  and  sulphur  N/S.  These 
ratios  are  given  herewith. 

Dar.  1  1  8  IG  <TS«10 

1E.3 


The  average  ratio  for  the  6  days  on  which  it  was  determined  for  Cetti  was 
14.7  and  the  average  of  6  fasting  days  for  Breithanpt  was  15.1.  In  general, 
the  quotients  remained  fairly  constant,  although  there  is  a  minimum  of  13 
and  a  maximum  of  17  observed  in  the  case  of  Breithanpt. 

Commenting  on  the  ratios  obtained  by  Petlizzari  &  Luciani  (4,  p.  145), 
Munk  shows  that  the  Italian  authors  determined  only  the  inorganic  and  ethereal 
sulphur  and  hence  their  values  for  total  sulphur  are  somewhat  too  low. 

It  should  also  be  said,  however,  that  the  values  for  nitrogen  are  likewise  too 
low,"  and  hence  the  discrepancies  tend  to  compensate.  The  ratios  found  in 
the  Florence  fast  of  Succi  range  during  the  first  10  days  of  fasting  from  19.6 
on  the  first  to  16.S  on  the  tenth  day. 


Bzp«r- 
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16,94 

16. Off 

sa 

...    H.C,K.,K0T.  84-36,1906.. 

lfl.46 

18.71 

KH 

...   B.R.D.,I)ec.     6-  8,1906.. 

16.23 

19.34 
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...    N.H.P.,Dec.      9-10,1906.. 

18.84 

18.81 

80 

...    D.W.,   Ju.    10-11, 19M.. 

14.41 

10.80 

10.  S3 

17.47 

10.07 

15.17 

10.87 

15.98 

Luciani  discusses  at  considerable  length  the  floctnations  in  this  ratio,  but 
in  the  light  of  our  present  knowledge  of  solphnr  determinatioiia,  his  disciuaion 
is  at  best  inconclusive. 

The  ratios  of  nitrc^en  to  total  sulphur  for  the  Middletown  experiments 
have  been  computed  and  are  given  in  table  309. 

H  See  dlsciUBlon  bj  Munk  (7),  p.  118. 
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The  ratio  is  highest  for  the  first  day  ol  experiment  No.  80,  30.03,  and 
lowest  for  the  first  day  of  experiment  N^o.  71, 11.25.  The  arerage  ratioe  for  all 
of  the  experiments  remain  relatively  constant  thronghont  the  fasts.  It  is 
evident,  however,  that  marked  variatioQ  may  ogctit  in  the  experiments,  even 
in  those  with  the  same  subject  For  example,  in  experiment  No.  71  the  ratios 
ranged  from  11.86  on  the  first  day  to  17.27  on  the  third.  It  will  be  remembered 
that  on  the  first  day  of  this  experiment  an  mmsnally  small  amount  of  nitrogen 
was  excreted  and  hence  the  numerator  of  the  fraction  is  small.  Evidently, 
then,  the  low  excretion  of  nitrogen  was  not  accompanied  by  a  correspondingly 
low  excretion  of  solphor.  The  average  ratio  for  all  of  the  experimeirts  is  16.78. 
Farther  discussion  of  the  significance  of  this  ratio  is  deferred  pending  the 
consideration  of  the  quantities  of  protein,  fate,  and  carbohydrate  katabolized 
daring  fasting. 

Ethereal  stiipkates. — The  work  of  Baumann,"  on  ethereal  snlphates  in  the 
urine  has  led  to  the  almost  general  acceptance  of  his  views  on  the  use  of  the 
amount  of  ethereal  sulphaUe  as  an  index  of  bacterial  decomposition  in  the 
intestine.  This  view  has  been  recently  opposed  by  Folin ,"  who  implies  that  the 
ethereal  sulphates  have  a  much  more  complicated  origin  than  bacterial  action. 

The  ethereal  sulphur  was  not  determined  in  tiie  fasting  expmments  here 
reported,  but  in  some  of  the  earlier  fasts,  especially  those  with  Cetti  and 
Breithaupt,  the  amounts  of  ethereal  sulphates  were  found. 

An  inspection  of  the  data  presented  by  Munk  &  Mueller  (7)  diows  that  the 
amount  of  ethereal  sulphatee  is  considerable  on  all  the  days  of  the  fast  In  one 
instance,  namely,  on  the  ninth  day  of  Cetti'a  fast,  the  amount  of  the  eth^«al 
sulphate  was  nearly  one-third  of  the  total  sulphuric  acid.  These  writers  point 
out  that  the  amounts  they  found  with  Cetti  and  Breithaapt  are  ten  times 
greater  than  those  found  by  lAidani  (4)  in  Succi's  Florence  fast. 

The  resiilte  of  Monk  &  Mueller  (7),  viewed  from  the  standpoint  of  Baumann, 
indicate  a  bacterial  decomposition  continuing  throughout  the  fast  and,  indeed, 
in  very  considerable  measure.  On  the  other  hand,  in  the  observations  of  E.  & 
0.  Freund  (10)  on  Succi  during  the  Yieona  fast  the  amounts  of  ethereal 
sulphates  (expressed  as  SO,),  range  from  0.20  gram  on  the  first  fasting  day  io 
0.058  gram  on  the  twentieth  fasting  day,  there  being  a  gradual  decrease  as  the 
fast  progressed.  These  quantities  are  similar  to  those  found  by  Lnciani  in  the 
Florence  fast,  and,  viewed  from  the  standpoint  of  Baumann,  indicate  a  very 
much  lower  degree  of  bacterial  fermentation  than  do  the  results  of  Munk  & 
Mueller  on  the  Berlin  fasters. 

Inorganic  and  ethereal  sulphatet. — Although  the  data  for  computing  the 
ethereal  sulphates  are  lacking  in  the  experiments  here  reported,  the  sum  of 
the  inorganic  and  ethereal  sulphates  has  been  recorded  for  all  experiments  in 


Digitized  by  Google 


SULPHUB  DT  Ueinb.  403 

table  310.  These  data  maj  be  compared  to  the  inorganic  and  ethereal  BolphateB 
of  the  earlier  writerB  {see  table  207).  Except  in  the  Vienna  fast  of  Succi 
reported  by  E.  &  0.  Fietrnd  (10)  and  SadoTyen's  ezperimeDt  (8)  the  amount 
of  morgtmic  and  ethereal  eulphates  (SO^)  ia  not  far  from  1.5  grams  per  day 
in  all  fasting  experiments. 
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■  Don  Dot  blclade  poMlble  Binoaat  In  urine  lolL 

Neutral  sulphur. — It  ia  greatly  to  be  regretted  that  the  nature  of  nentral 

Bolphor  in  fasting  orines  has  not  been  more  definitely  stadied.   The  differential 

method  of  obtaining  neotral  snlphnr  presumes  so  great  an  accuracy  that  it  is 
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difficult  to  interpret  the  resnlte  obtained  on  Sncci,  Cetti,  and  Breithanpt  with 
any  decree  of  satiBfaction.  Indeed  in  the  experimentB  on  Breithanpt,  in  at 
least  three  instances,  the  amonnt  of  inorganic  and  ethereal  atilphtir  was  greater 
than  the  total  snlphnr  and  it  is  fair  to  aseume  that  4he  detenntnationB  on  the 
Berlin  faatera  were  made  as  accurately  as  any  np  to  that  date.  The  more 
recent  determinatioiis  of  E.  &  0.  Fretmd  (10)  on  Snoci  are  probably  less  open 
to  objection,  although  the  methods  employed  are  not  given  and  hence  the 
accuracy  of  the  resnlts  is  nncertain.  FurthennoTe,  in  the  fasts  of  Sued  at 
least,  Tarions  amounts  of  alkaline  waters  were  consumed.  Presumably  these 
contained  but  small  amounts  of  preformed  sulphates,  although  at  times  aperient 
water  (Janoa)  was  taken.  The  data  obtained  in  the  earlier  experiments  regard- 
ing the  excretion  of  neutral  sulphur  are,  therefore,  extremely  onsatisf actory. 

In  connection  with  some  of  the  experiments  here  reported,  the  amounts  of 
neutral  aulphur  were  determined.  The  data  are  recorded  in  tables  210  and 
211.  For  convenience  in  computing,  the  "  total "  and  "  inorganic  and  ether- 
eal "  sulphur  are  also  included  in  the  first  table,  as  are  also  the  proportions  of 
the  total  Bulphor  represented  by  the  "  inorganic  and  ethereal "  and  the  neutral 
sulphur. 
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The  neutral  sulphur  (S0«)  elimination  on  the  first  day  of  tiie  fast  yaried 
from  0.132  to  0.288  gram,  and  the  average  for  the  9  experiments  was  0.209 
gram.  The  proportion  of  total  sulphur  represented  by  the  weight  of  neutral 
sulphur  varied  from  9.2  to  21.5,  averaging  for  all  experiments  14.1  per  cent. 
On  the  second  day  of  the  fast,  the  weight  of  neutral  sulphur  in  the  urine  ranged 
from  0.145  to  0.317,  averaging  0.216  gram,  while  the  proportion  of  total  sulphur 
represented  by  the  neutral  sulphur  varied  from  7.1  to  18.8  per  cent    The 
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average  ia  11.9  per  cent.  Unfoitanataly,  the  data  for  the  third  day  were 
secured  from  only  one  experiment  in  which  the  nentral  aulphnr  was  0.236  gram, 
or  13.2  per  cent  of  the  total  snlphor  eliminated.  On  the  fouriji  day,  the 
determinations  made  in  two  experiments  gave  0.184  and  0.226  gram  respect- 
ively.  Eipreesed  in  per  cents  of  total  sulphnr,  these  weights  corresponded  to 
10.2  and  13.7  per  cent.  On  the  fifth,  sixth,  and  seventh  days,  the  nentral  buI- 
phur  waa  determined  in  experiment  No.  75  only.  The  amoimts  excreted  were 
less  than  on  previous  days,  being  0.148,  0.171,  and  0-139  gram,  reapectively, 
these  weights  corresponding  to  8.9, 10.4,  and  8.9  per  cents  of  the  total  sulphur. 
There  is,  then,  a  tendency  for  the  actual  weight  of  neutral  sulphur  to  decrease 
as  the  experiment  continues,  and  the  per  cent  of  total  sulphnr  represented  by 
the  neutral  sulphur  likewise  diminishes. 

The  effect  of  the  bile  fiow  on  the  neutral  snlphor  has  generally  been  main- 
tained, since  it  was  believed  that  tiie  taurin  contributed  in  large  measure  to 
the  amount  of  neutral  sulpbor  found  in  the  urine.  Luciani  (4)  maintained 
that  the  secretion  of  bile  continued  tiiroughout  the  30  days  of  the  Florence  fast, 
since  from  time  to  time  Sued  vomited  material  stained  with  bile  pigments. 
In  common  with  all  other  secretions,  however,  the  bile  flow  must  be  distinctly 
diminished  and  the  results  obtained  in  the  Middletown  experiments  might  be 
taken  as  indicating  that  there  is  a  relationship  between  the  bile  flow  and  the 
amount  of  neutral  sulphur,  for,  as  has  been  pointed  out  above,  not  only  ti» 
total  bat  the  relative  amount  of  neutral  sulphur  persistently  diminishes  as  the 
fast  progresses.  This  conclusion  is,  however,  distinctly  at  variance  with  tliat 
drawn  fe>m  the  recent  experiments  of  Shaffer**  on  a  woman  with  a  biliary 
fistula. 

Judged  from  the  standpoint  of  Folin'e  theory  of  protein  metabolism,  the 
variations  in  the  amounts  of  sulphur  excreted  indicate  that  there  is  scarcely 
any  greater  disintegration  of  tissue  protein  daring  fasting,  than  under  normal 
conditions  with  food.  That  this  view  is  in  marked  contrast  to  the  many  physical 
observationB  made  on  the  size  of  the  liver  and  ottier  organs,  as  well  as  of  the 
muscles,  during  fasts  no  longer  than  some  of  these  recorded  here,  would  lead 
to  the  belief  that  in  these  organs  the  actual  structure  is  not  necessarily  materi- 
ally drawn  upon  during  fasting,  but  that  the  whole  organism  becomes  deprived 
of  its  fluid  to  a  considerable  «ttent  and  hence  diminishes  in  volume. 

While  in  the  paper  presenting  his  views  of  protein  metabolism  Folin" 
maintained  that  there  was  a  distinct  relation  between  the  neutral  sulphur  and 
the  endogenous  protein  katabolism,  it  is  of  interest  to  note  that  in  a  subsequent 
statement"  he  says  that  his  more  recent  researches  would  indicate  some 
relationship  between  the  food  ingested  and  the  neutral  sulphur. 

"Amer.  Jonra.  PhTBiol.  (1906),  17,  p.  340. 

"Amer.  Journ.  Phystol.  (1906),  13,  p.  117. 

"Private  communication  reported  by  Shaffer,  loc  clt,  p.  376. 
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WMle  in  Folin'e  metabolism  experimente  there  was  a  marked  paralleliBm 
between  th«  excretion  of  creatinine  and  neutral  enlphur,  in  these  experiments 
the  total  creatinine  remains  constant  daring  the  fast,  and  the  neutral  snlphur 
pereistentl;  decreases.  The  preformed  creatinine  on  the  other  hand  more 
nearly  follows  the  neutral  anlpbnr  elimination. 

The  resnlts  here  obtained  during  inanition  eerre  to  complicate  the  matter 
still  farther,  and  there  is  obTionsly  much  research  to  be  done  npcoi  Oxb  problem 
of  neutral  sulphur  before  definite  conduBions  can  be  drawn. 

PHOSPHOBUS. 

Under  normal  ocmditions,  with  food,  material  amounts  of  phoephoms  are 
excreted  in  the  feces  as  well  as  in  the  urine.  In  fasting  experiments,  however, 
and  specifically  in  the  experiments  under  discussion  in  this  report,  only  the 
phosphorus  excretion  of  Uie  urine  has  been  adequately  studied.  The  difficulties 
experienced  in  the  proper  separation  of  fasting  feces  precludes  any  discussion 
of  the  amount  of  phosphorus  excreted  through  the  feces  during  fasting. 

The  phosphorus  of  the  urine,  under  normal  conditions  when  food  is  given, 
may  originate  from  several  sources :  First,  preformed  phosphates  of  the  food, 
such  as  the  phosphates  of  milk ;  second,  phosphorus  of  the  nucleo-proteids  of 
food ;  and  third,  phosphorus  ahready  stored  in  the  body,  including  of  course  the 
calcium  phosphate  of  the  bones,  which  might  possibly  become  disintegrated  to 
a  certain  extent.  In  fasting  urine,  especially,  this  last  factor  shonld  not  be 
overlooked. 

Determinations  of  phoephoms  in  urine  were  common  in  the  earlier  fasting 
experiments,  and  since  the  method,  i.  e.,  volumetric  titration  with  uranium 
salts,  has  not  been  materially  modified,  the  results  are  much  more  nearly 
comparable  than  is  the  case  with  almost  any  other  element  involved  in 
katabolism.  While  there  is  not  complete  uniformity  on  the  part  of  writes  in 
expressing  the  resnlts  of  phosphorus  determinations,  it  has  been  common  to 
express  them  in  the  form  of  phosphorus  pentoxide  (F,0,).  For  the  reason  set 
forth  in  the  discussion  of  sulphur  in  the  preceding  section,  it  has  beea  thought 
desirable  to  report  the  elimination  of  phosphorus  expressed  as  the  element  in 
subsequent  experiments.  The  daily  amounts  of  phosphorus  (as  P,0,)  elimi- 
nated in  the  urine  of  fasting  subjects  are  presented  in  table  SIS.  For  subse- 
quent discussion  the  ratios  of  nitrogen  to  phosphorus  pentoxide  (N/Pfi,)  are 
given  in  heavy-faced  trpe  in  the  same  table. 
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was  much  larger  than  in  any  of  tbe  experiments  with  Sncci,  while  Bieithanpt, 
on  the  other  hand,  excreted  i^oBphorus  in  about  the  same  amounts  ae  did  SnocL 
The  lowest  phosphorus  output  is  found  in  the  case  of  the  subject  J. 

Sohn  diminated  extremel;  large  amounts  and,  singularly  enough,  the  excre- 
tion increased  throughout  the  whole  experiment. 
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With  the  subject  of  Schreiber  and  Waldvogel,  tiie  excretion  is  not  far  from 
that  of  Sohn  for.  the  corresponding  days  of  the  fast.  Tbe  more  recent  obser- 
vations on  the  fasting  girl,  Flora  Tosca,  show  a  relatively  large  excretion  of 
phosphoric  acid,  assumLDg  that  her  body-weight  (which  unfortunately  was  not 
xiven)  is  lower  than  that  of  the  other  fastini*  mihiecta. 
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da;  of  the  fast  of  Cetti  and  on  the  seventh  day  of  the  faat  of  Flon  Toeca.  The 
amount  of  phoephonu  pentoxide  eliminated  per  day  is,  in  general,  not  far  from 
2.2  grama. 

The  determinationB  of  phosphonu  in  the  Uiddletown  experiments  vere  made 
by  two  methods,  as  is  shown  in  the  detailed  tables;  one  by  titration  widi 
nraniom  salt,  the  other  by  fusion  using  the  modified  sodium  peroxide  method 
of  Dubois. 

Since  the  titrations  were  possibly  less  accurate  than  the  gravimetric  deter- 
minations, the  latter  only  are  included  in  table  213. 


BnWect  and  donUon  o( 


Tfatrd   Fouith 


A.L.L.,  Deo. 
S.A.B.,  J*n. 
S.A.B.,  Jan. 
S.A.B.,  Mar. 
B.A.B.,  Apr. 
H.B.B.,  Oct 
C.B.T.,  Oct. 
A.H.H.,  Not. 
H.C.K.,  Not. 
H.B.D.,  Dec 
H.H.P.,D«c. 
D.W.,    Jan. 


letoigiUHH.../ 
7tol0,  10OO...| 

38  to  Fab.  1,  IMS  j 
4  to  10,  IHS. . .  I 

8  to  11,  1905...  I 
18  toll,  1900...  J 
97  to  88,  1005. ..-[ 
31  to  88,  IMS.../ 
84 to SS, 1906...  I 

6 to    8, 1906...-[ 

9  to  10,  1900. . .  I 
ID  to  11,  lOOS. . .  { 


14.  It 

1.0(0 


111.44 

i.ots 


*Doei  not  Inelnde  ponlble  unount  Id  arlne  lost. 


The  total  weight  of  phosphoms  (expreBsed  as  F|0,)  excreted  on  the  fiiat  day 
of  the  difiFerent  fasts  varied  from  0.736  gram,  in  experiment  No.  71,  to  2.407 
grams  in  experiment  No.  83,  averaging  for  the  first  day  1.S16  grams.  Even 
with  the  same  subject  (S.  A.  B.)  in  different  experiments,  the  variationB  range 
from  0.736  to  2.346  gnxaa.  On  the  first  day  of  the  fast,  therefore,  there  was 
apparently  no  uniformity  in  t^e  excretion  of  phosphoric  acid. 
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The  variatioiiB  on  the  second  day  are  from  1.189  to  3.134  grams,  tie  average 
for  the  12  experiments  being  3.089  grams.  In  general,  there  la  a  noticeable 
increase  In  the  phosphoric  acid  elimination  on  the  second  day  of  the  fasts,  iha 
only  ezceptiona  to  this  rule  being  in  the  case  of  experiments  Nos.  73  and  86. 

In  the  5  fasts  which  lasted  3  days  or  more,  the  phosphoric  acid  excretion  on 
the  tiiird  day  ranges  from  1.06  to  2.492,  averaging  for  all  experiments  1.909 
grams.  Considering  the  experiments  witii  S.  A.  B.,  there  is  an  increase  on  the 
third  day  over  the  second  day  in  the  first  two  and  a  decrease  in  the  last  two,  the 
average  amonnt  for  the  four  experiments  being  practically  the  same  on  the 
third  as  on  the  second  day. 

In  the  experiments  which  lasted  4  days,  the  excretion  on  the  fourth  day 
varied  from  1.043  to  3.634  grams.  With  the  snbject  A.  L.  L.,  the  phosphoric 
acid  excretion  practically  reached  a  minimnm,  while  with  the  subject  S.  A.  B., 
there  is  a  definite  increase  over  the  third  day  in  all  cases.  The  excretion  on 
the  foTirth  day  of  experiment  "So.  77  is  not  quite  as  large  as  on  the  second. 

The  data  secured  with  S.  A.  B.,  for  the  fifth,  sixth,  and  seventh  days  of 
fasting  show  that  the  phosphoric  acid  elimination  remains  practically  constant 
at  a  little  over  2  grams,  a  distinct  faliing  oft  from  the  average  maximum 
amount  on  the  fourth  day. 

Prom  the  summary  of  the  data  given  above  it  is  evident  that  to  draw 
conclusions  concerning  the  relative  phosphorus  excretion  during  the  successive 
days  of  fasting  is  most  difficult,  for  even  with  the  same  subject  there  is  no 
uniformity  in  the  excretion.  Thus,  in  considering  the  second,  third,  and 
fourth  days  of  experiments  Nob.  71  and  77,  we  find  there  was  excreted  1.326, 
2.000,  and  2.038  grams  in  experiment  No.  71,  while  in  experiment  No.  77, 
there  was  excreted  during  the  same  period  2.763,  2.492,  and  2.634  grams. 

Compared  with  the  earlier  experiments  the  results  here  obtained  show  on 
the  whole  a  noticeably  lower  phosphorus  elimination.  The  unusually  low 
results  obtained  in  experiment  No.  69  can  possibly  be  partially  explained  by 
the  fact  that  in  the  feces  of  the  3  days  with  food  (experiment  No.  70)  there 
was  an  abnormally  high  ash  and  a  large  per  cent  of  calcium  soap,  thus  indicat- 
ing a  marked  disturbance  of  tbe  ash  metabolism.  The  results  do  not  clearly 
show  in  just  what  manner  the  phosphoms  metabolism  was  affected.  Fending 
the  determinations  of  the  calcium  and  magnesium  in  the  urine  samples  for  these 
experiments,"  but  few  definite  condusions  can  be  drawn. 

Organic  phoaphorvs  in  urine. — ^The  contention  has  been  made  by  several 
writers  **  that  varying  amounts  of  phosphorus  in  organic  combination  exist  in 

**  It  has  ttanB  for  been  Impcealble  to  complete  tbeee  analTsee  ae  the  determlnatlonB 
were  taken  up  only  recentlj.  Tbe  resnlts  and  a  dlBcnsalon  of  the  data  will  be 
published  later. 

"Oertel.  Zelt.  t.  physIol.  Chemle  (189S).  86,  p.  123;  A.  Keller,  Zelt  f.  phjulol. 
Chemle  (1900),  29,  p.  146;  Bornateln.  Archiv  t  die  g«8.  Physiol.  (1904),  106,  p.  Sfi: 
BymmerB,  Joum.  Path.  Bact  (1905),  10,  pp.  169  and  127. 
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urine,  which  are  not  determined  by  titration  with  uranium  salts.  On  the  other 
hand,  LeClerc  and  Dubois  "  were  noable  to  detect  meaanrable  amonnta  of  Bach 
organic  phosphoros. 

In  the  Middletown  eiperimente  graTimetric  determinations  of  phosphonu 
were  made  in  the  daily  composite  samplea,  while  the  determinationB  by  titration 
with  uranium  acetate  were  made  on  the  difterent  periods  ae  well  as  the 
compoeite  samples  for  the  day.  Obviously,  the  sum  of  the  amounts  of  phos- 
phorus found  in  the  different  periods  should  agree  with  that  found  in  the 
composite  sample.  The  determinations  made  in  this  way  serve  two  purposes — 
they  give  an  idea  as  to  the  proportional  distribution  of  the  excretion  of 
pboephoms  over  the  24  hours,  and  they  furnish  a  check  on  the  samples  for  the 
daily  composite  and  the  periods. 

If  the  results  obtained  by  the  titration  method  are  to  be  taken  as  representing 
the  amount  of  phosphorus  excreted  in  the  urine  of  any  given  period,  it  is 
important  that  the  absence  of  organic  phosphorus  in  the  urine  be  clearly  proved 
as  otherwise  the  results  by  titration  have  little  value.  Consequently,  the  com- 
posite sample  for  each  day's  urine  was  concentrated  and  ignited  with  sodium 
peroxide,  and  the  phosphoric  acid  determined  gravimetrically.  The  amount  of 
phosphoric  acid  tiius  found  in  a  total  day's  urine  was  compared  with  the 
amount  found  by  titration,  the  results  being  recorded  in  the  statistical  tables 
along  with  the  weight,  composition,  and  heat  of  combustion  of  orine.  An  in- 
spection of  these  tables  show^  that,  in  general,  the  amount  of  phosphoric  acid 
as  found  by  titration  was  a  trifle  larger,  if  anything,  than  that  found  by  fusion, 
which  is  contrary  to  what  would  be  expected  if  organic  phosphorus  was  present. 
It  might  further  be  properly  contended  that  the  very  fact  that  the  titration 
method  gives  on  the  whole  a  larger  amount  of  phosphorus  than  the  fusion 
method  is  of  itself  evidence  that  the  titration  method  as  carried  out  in  theee 
experiments  is  not  sufficiently  accurate  to  detect  the  presence  of  the  small 
amounts  of  organic  phosphorus  usually  found.  Furthermore,  Keller,  whose 
experiment  on  himself  is  of  especial  interest  here  since  it  was  made  on  a  fast- 
ing man  (4  days),  found  amounts  of  organically  combined  phosphorus  pentox- 
ide  amounting  to  0.017,  0.0S94,  0.0344,  and  0.0573  gram,  respectively.  The 
increased  organic  phosphorus  elimination  as  the  fast  progressed  is,  according  to 
Keller,  of  especial  significance  in  interpreting  the  rSle  of  organic  phosphorus 
in  metabolism. 

In  the  light  of  Qib  experience  of  Folin  and  LeClerc  &  Dubois,  it  seems  hardly 
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for  the  Bepaiate  periods  of  the  day  were  readily  made.  In  the  serieB  of  eiperi- 
ments,  Noe.  73  to  76,  inclnBive,  these  determinatioiiB  were  carried  out.  The 
Tesults  are  preeented  in  table  314.  For  purposes  of  comparison,  the  experi- 
ments with  food  are  aim  indaded.  In  comparing  the  tesulte,  it  should  be  borne 
in  mind  that  experiment  No.  74  immediately  followed  experiment  No.  73,  and 
experiment  Xo.  76  likewise  followed  immediately  experiment  No.  76. 


experiment*  vMh  and  wlfhottt  food. 

8ub»eotu>a<Ut«. 

Ta.tn. 

to 
Ip-HL 

Tp.m. 

-^^^^'^ 

-^^^r 

Total 
Ubmin. 

Amt. 

Pio- 
portloD 

H 

Amt. 

Pro- 
portion 

hOUIK 

73 
75 

74 

76 

ExptnmemwUhmUlood, 
a.A.R.JHi.28to29,  1906. 
Jan.  29  to  30, 1905. 
Jan.30to31, 190S. 
Jul.  31  to  Feb.  1, 

Oromt. 

D.'ioS 
.490 

.518 
.576 

0.618 
.608 

.600 
.602 

Oram: 

I'.m 

.998 

1.207 
1.268 

Pertt. 

54!0 
51.6 

63. S 
67.9 

.923 
.940 

.696 
.920 

Pertt. 

45.1 
48.6 

36.5 
42.1 

2.646 
1.938 

1,902 
2.188 

F(^.  110  2,1905... 

3.088 

2.508 

4.696 

3.478 

8.074 

ATOrageperday 

S.A.B.,  Mar.  4to  6,1905. 
Mm.   6  to   6,1906 
Mar.   6  to   7,1905. 
Mar.    7  to  8,1905. 
Har.   8  to   g,  1905  . 
Mar.   9  to  10, 1905. 
Mar.  10  to  11, 1905  . 

Total,  7dara  .. 

.522 

.627 

1.149 

56.9 

.870 

43.1 

2.018 

.383 
.601 
.463 
.649 
.549 
.561 
.522 

.394 
.802 
.635 
.798 
.665 
.578 
.618 

.778 
1.392 
1.088 
1.347 
1.214 
1.139 
1.141 

63.6 
60.6 
51.7 
66.7 
55.4 
66.0 
68.1 

.674 
.909 
1.016 

;978 

.896 

46.4 
39.6 
48.3 
44.3 
44.6 
44.0 
41.9 

1.462 
2.301 
2.104 

•  2.416 
2.192 
2.035 

'  1.963 

3.608 

4.490 

8.090 

*4.473 

14.483 

Average  per  day 

Bxperimatumthfood. 
aA.B.,  Feb.2to3,1906.. 
Feb.  3  to  4, 1905.. 
Feb.  4  to  6, 1905.. 

Total,3da3Fa 

.616 

.641 

1.167 

66.0 

•.895 

•44.0 

2.066 

.461 
.316 
.238 

.392 
.384 
.308 

.863 
.099 
.546 

61.3 
60.9 
47.8 

.637 

38.7 
39.1 
62.2 

1.390 
'  1.148 
'  1.141 

1.014 

1.084 

2.008 

'.637 

3.670 

Average  per  day 

a.A.B.,Mar.  lltol2, 1905. 
Mar.  12  to  13,  1906. 
Mar.  13  to  14, 1906. 

.338 

.361 

.609 

57.0 

.637 

'43.0 

1.226 

.375 
.113 
.053 

.200 
.109 
.137 

.576 
.222 
.190 

70.0 
59.1 
24.1 

.247 
!608 

30.0 
40.9 
76.9 

.822 

•     .376 

.789 

.541 

.446 

.987 

'.846 

1.986 

Average  per  day. 

.180 

.149 

.329 

49.7 

.423 

'50.3 

.663 

*TltntloD  method. 


'PercentaKS  bj 
•  For  1  aij. 
*B^r  2  dan. 
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The  proportion  of  the  total  phoaphoric  acid  excreted  in  the  first  twelve 
hours  is,  on.  the  average,  not  far  from  57  per  cent,  althongh  oonaideiable 
diffeiencee,  even  in  the  fasting  ezperimeats,  are  found.  For  example,  the 
variations  in  experiment  No.  73  are  from  61.6  to  63.6  per  cent.  In  the  food 
experiments,  mach  larger  variations  appear,  the  most  noticeable  being  that 
on  the  last  day  of  experiment  No.  76,  where  bnt  24.1  per  cent  of  the  total 
phosphoric  acid  wae  excreted  during  the  period  from  7  a.  m.  to  7  p.  m. 

Thus  it  is  seen  that,  in  general,  the  larger  proportion  of  the  phosphorus  is 
excreted  in  the  day  period  and,  indeed,  on  referaice  to  table  198,  it  will  be 
noticed  that  the  proportions  thus  excreted  correspond  very  closely,  in  general, 
to  the  proportions  of  total  nitrogen  excreted  during  this  period. 

Ratio  of  nitrogen  to  phosphorus  in  the  urine. — The  duintegration  of  phos- 
pborized  material  in  tiie  body  during  fasldng  presumably  follows  the  g^ieral 
course  of  protein  katabolism,  save  for  the  drafts  upon  the  phosphatic  material 
of  the  bones,  and  hence  the  ratio  of  nitrogen  to  phosphonis  in  the  excretion, 
when  compared  with  the  ratio  of  nitrogen  to  pbosphoruB  in  the  various  tissues 
of  the  body  is  of  interest  According  to  Munlc  (7,  p.  169)  there  are  about 
6.8  "  parts  of  nitrogen  to  each  part  of  phosphorus  pentoxide  in  fiesh,  and  6.4 
parts  of  nitrogen  to  one  of  phosphorus  pentoxide  in  the  liver.  Accordingly  it 
is  to  be  expected  that,  during  fasting,  the  ratio  of  nitrogen  to  phosphorus  pent* 
oxide  would  be  not  far  from  6.6.  Batios  lower  than  this  would  indicate  a  draft 
upon  phosphatic  material  of  low  nitrogen  content  such  as  bone. 

In  experiments  with  Sued,  the  ratios  were  computed  by  Luciani  (4),  but 
for  the  Flor^ice  fast  in  table  212,  given  above,  the  values  for  total  nitrogen  as 
corrected  by  Uunk  are  used  in  computing  the  ratios.  The  ratio  on  the  first 
day  in  the  experiment  at  Florence  is  7.87  and  there  is  a  general  tendency  for 
the  ratios  to  diminish  as  the  fast  progresses.  In  the  fast  at  Naples  the  ratio  is 
more  nearly  constant,  and  the  initial  ratio,  4.90,  is  much  lower  than  that  of  the 
Florence  fast.  The  Vienna  fast  shows  singularly  constant  raticffl  after  the  first 
day,  the  Tnim'imim  being  4.07  (second  fasting  day)  and  the  maximum  4.86 
(sixth  fasting  day). 

The  excretion  of  so  small  an  amount  of  pbospboms  pentoxide  on  the  tenth 
day  of  Cetti's  fast  resulted  in  a  very  high  ratio  (10.00) .  Aside  from  this  day, 
the  average  ratio  for  the  nine  days  of  fasting  is  4.4.  In  the  other  fasts  the 
ratio  is  in  practically  all  cases  much  below  6.6. 

The  peculiarity  in  the  ratios  for  the  sixth  and  seventh  days  of  the  fast  of 
Flora  Tosca  may  possibly  be  explained  by  the  fact  that  on  the  sixth  day  the 
subject  defecated  after  taking  an  aperient,  while  on  the  seventh  she  had 
considerable  muscular  exercise. 
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In  the  Middletown  experimentB,  wide  Tariationa  in  theee  ratios  are  observed. 
For  example,  in  experiment  No.  69,  the  firat  in  widch  the  ratio  cotild  be 
obtained,  it  rose  to  14.19  on  the  third  day.  The  lowest  ratio  observed  on  any 
day  was  that  on  the  second  day  of  experiment  No.  77,  3.90. 

In  experiment  No.  69  there  was  an  abnormally  low  phosphoric  acid  elimi- 
nation, and  hence  the  ratio  is  nnnanally  high.  In  averaging  all  of  tiie  experi- 
ments, these  high  ratios  have  been  taken  into  consideration  only  on  the  first 
two  days.  While  they  do  not  have  a  great  influence  in  the  averages  of  ilie  first 
two  days  of  the  fast,  since  they  are  there  averaged  with  11  other  experiments, 
on  the  third  and  fourth  days,  they  would  very  materially  raise  the  average 
valne  of  the  ratio.  There  is,  as  is  to  be  expected,  a  slight  tendency  for  the 
ratio  to  fall  off  as  the  fast  progresses,  yet  the  ratios  are  on  the  whole  con- 
siderably higher  than  those  found  with  tiie  other  fasting  experiments  given  in 
table  212.*    The  ratio  apparently  is  constant  after  the  third  day  of  fasL 

While  ratios  as  low  as  are  commonly  observed  during  a  fast  point  to  the 
probable  disintegration  of  the  bones,  it  is  only  in  those  experimaits  where  the 
calcium  and  magnesium  output  has  been  determined  that  the  complete  data 
for  this  deduction  are  present.  TTofortuDately  the  quantitative  determination 
of  the  earihy  bases  In  tiie  urine  of  the  Middletown  experiments  have  not  as 
yet  been  made. 

The  ratios  obtained  by  Brngsch  (12)  on  the  twenty-third  to  thiriaeth  days  of 
fasting  indicate  that  the  draft  upon  the  phosphorus  of  the  skeleton  may  in 
prolonged  fasting  be  very  small.  It  is,  moreover,  still  to  be  questioned  whether 
data  regarding  the  phosphorus  excretion,  even  when  supplemented  by  detenni- 
nations  of  calcium  and  magnesium,  will  ever  permit  correct  estimates  of  the 
apportionment  of  the  phosphorus  katabolism  among  skeleton,  nucleins,  and 
lecithins.* 

OHLOBINE. 

The  elimination  of  chlorine  in  feces  is  normally  very  small,  and  hence  dur- 
ing inanition  it  can  properly  be  said  that  all  chlorine  is  eliminated  through  the 
urine.  The  chlorine  excreted  during  fasting  may  arise  from  the  previous  food, 
the  soluble  chlorides  of  which  are  rapidly  excreted,  the  excess  of  chlorides  in 
the  fluids  of  the  body,  and  the  chlorine  "  combined  "  with  the  flesh  katabolized." 

Since  muscle  contains  normally  but  0.04  per  cent  chlorine,  the  amounte  of 
proteia  usually  katabolized  during  inanition  can.  result  in  the  liberation  of 
but  8  small  amount  of  chlorine. 
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The  method  of  determining  chlorine  in  the  nrine  has  undergone  no  marked 
modificatjons  in  a  number  of  years  part  and  hence  the  determinatioiifi  made  by 
different  obflerrera  may  be  compared  with  reasonable  accuracy. 

While  it  has  been  the  cnstom  in  many  instancea  to  report  chlorine  in  temu 
of  sodinm  chloride,"  for  purposes  of  compariaon  the  determinationB  in  the 
earlier  fasts  are  here  expressed  in  terms  of  dilorine.  Only  the  first  10  days 
of  each  of  the  three  fasts  by  Sncci  are  here  given. 

Tabu  tK.^Amounti  of  chlorine  eHmtnated  in  urine  dolly  by  faating  »ub)eet». 


DvotttM. 

BdooI. 

OettL 

J.' 

Bohn. 

T-SS. 

JX 

MaplM. 

r.^ 

taaupt. 

Luttood  d»T 

■tts- 

1.860 
.830 

I.IM 
.848 
.817 
.840 
.800 
.TS« 
.660 
.MS 

Oramt.' 
7.M 
7.68 
4.73 
8.80 
.78 
.01 
.88 
.61 
.49 
.78 
.77 

Oramt.* 

8.3ia 
1.561 
1.47» 
1.183 
l.fl»l 
I.IM 
1.115 
1.318 
.878 

1.800 
9.808 

l!u8 
1.8« 
I.ffiS 
.96 
.814 
1.101 
.83 

Ora 
6 
8 

1 

n 

85 
76 
44 
85 

Oram* 

sleaii 

5.011 
1.49 
9.01 

4.14S 
9.341 
3.408 

l.BU 

1.4M 
1.W7 

Oramt.t 
7.61 
3.BS 
1.78 
8.H 

.33 
1.16 
1.89 
1.07 

_ 6  diji  Wore  UMt  b«t«n. 

■  Reported  ai  "  duorldes,"  not  eonTerted 


r  2  iaja. 


Id  the  fast  of  Sncci  at  I^aples,  the  aathors  (6)  express  the  chlorine  as 
"dilorides."  The  extremely  smaU  amounts  of  chlorine  excreted  after  the 
first  four  days  of  ttie  fast,  however,  make  it  appear  questionable  whether  the 
determinations  are  not  actually  on  a  basis  of  chlorine  rather  than  chlorides. 
The  results  as  given  in  the  second  colmnn  of  table  215  are,  however,  tran- 
scribed directiy  from  tlie  records  of  Ajello  and  Solaro.  Obviously,  if  these 
results  are  in  terms  of  sodiom  chloride,  the  chlorine  corresponding  to  these 
amounts  would  be  considerably  less  and  the  chlorine  excretion  much  lower 
than  in  any  other  experiment  with  which  they  are  compared,  save  on  the  last 
two  days  of  the  experiment  with  Breithaupt  and  the  fifth,  sixth,  and  sevraith 
days  of  the  experiment  vrith  Flora  Tosca. 

"On  the  8  single  tasting  days  reportod  br  Pettenkofer  ft  Tolt  (Zelt  f.  Biol. 
(1866),  a,  p.  479),  the  sodium  chloride  In  the  urine  amounted  to  14.6,  18.2,  and 
8.66  grams,  respectively.  The  determinations  of  sodium  chloride  In  these  ^veri- 
ments  did  not  repreaent  those  during  oomplet«  tasting  since  the  subject  consumed 
a  coiulderable  amount  ot  salt  In  connection  with  a  small  amount  of  meat  extract 
Banka  (Archlv  Anat.  u.  Physiol.  (1S62),  p.  338)  reports  the  sodium  chloride  ezcr»> 
tlon  In  two  24-hoiir  tasting  experiments  as  11.0  and  6.3  grams,  respectively. 
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The  table  abore  shows  that  the  chlorine  elimination  on  the  last  food  day  iB 
invariablj  large  and  that  on  the  first  fasting  day  there  is  nsuallj  a  marked 
diminution  in  the  amoont.  On  the  first  day  of  the  Vienna  fast,  however,  a  very 
large  quantity  of  chlorine,  9.029  grams,  was  excreted,  while  singularly  enough, 
wiUi  the  same  subject,  Succi,  in  the  Florence  faat,  the  smallest  amount  obeerved 
on  the  first  day  of  any  fast  was  recorded.  In  general,  immediately  after  the 
first  fasting  day  the  chlorine  output  reaches  a  low  level  and  there  is  a  slight 
tendency  for  the  amount  to  diminish  as  the  fast  progresses.  No  regularity, 
however,  is  observed  in  any  of  ^e  experiments.  Especially  noticeable  are  the 
marked  variations  in  the  relative  chlorine  excretion  in  the  three  fasts  of  Succi. 
The  amounts  in  the  Vienna  fasts  are  persistently  higher  than  those  in  the 
Florence  fast.  Daiber*  found  Sncci'a  urine  almost  chlorine-free  on  the  twen- 
tieth day  of  the  Zurich  fast.  It  is,  furthermore,  to  be  noted  that  during  Sucd's 
fasts,  he  consumed  at  varying  times  different  amounts  of  mineral  water 
(Riolo)  containing  a  considerable  percentage  of  chlorine;  thus,  on  the  third, 
BLxth,  and  seventh  fasting  days  of  the  Florence  fast,  this  mineral  water  was 
used.  Ladani,  in  discussing  these  results,  points  out  that  after  the  first  few 
days  of  fastiog,  the  body  has  lost  such  considerable  amounts  of  stored  sodium 
chloride  that  the  amounts  absorbed  from  the  mineral  water  are  not  immediately 
excnsted  but  retained,  and  subsequently  eliminated. 
Tabu  216. — OhJorine  excreted  in  urine  in  metabOlUm,  experimenU  toitliout  food. 


"St 

Bab)«ot  and  dnraUon  of 

rirat 

^"^ 

TUrd 
da,. 

Foartb 
day. 

Fifth 
d«7. 

Sixth 
day. 

BeraDth 
day. 

78 
75 
77 
7» 
80 
SI 
BS 
BS 
8S 
8« 

S.A.B.,  Jan.  28  to  7ab.  1, 1»6. 
8.A.B.,  Mar.     4  to  10,  1906. .. . 
8.A.B.,  Apr.     8  toll,  1905. ... 
H.K.8.,  Oct.  IB  to  U,  1905.... 
C.R.T.,  Oct  87  to  38,  IBOB..., 
A.H.M.,  Mot.  21  to  BS,  1B05. . . . 
B.C.E.,  Nov.  U  to  96,  1906. . . . 
H.R.D.,  Dec.    5  to    6.1906... 

M.M.P.,  Doc.    9  to  10,  1905 

D.W.,     Jan.  10  toll,  190«. ... 

Av«.  of  abova  azperlmanta. . . 

Omt. 
1.980 
1.4*7 
8.39* 
3.917 
8.898 
8.880 
8.451 
.617 
■4.689 
6.857 

On*. 

o.*6e 

1.388 
1.B71 
8.633 
4.038 
a. 794 
S.714 
.828 
1.461 
1.S05 

Omt. 
0.169 

.815 
l.ttltt 

0«^6 
.346 
.547 

Qvu. 
0.40S 

6 
0 

tmt. 
E87 

o 

0 

49 

8. 847 

3.468 

0.898 

0.415 

0.408 

0.887 

0.43ft  1 

The  data  in  table  215  show  that  the  chlorine  excretion  during  the  fsating  is 
markedly  different  for  different  individuals  and,  indeed,  during  different  exper- 
iments with  the  same  individual.  The  conditions  which  determine  the  varia- 
tions in  this  chlorine  excretion  are  not  clear. 

The  chlorine  excreted  in  the  urine  was  determined  in  many  of  the  Middle- 
town  fasting  experiments.    The  results  are  given  in  table  216. 
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The  data  giYen  above  are  of  interest  becanBe  they  give  some  idea  of  the 
Telation  of  the  chlorine  output  to  the  length  of  the  period  of  inanition.  The 
TariatioDs  in  the  amonnt  of  chlorine  excreted  on  the  first  day  of  the  several 
faste  are  large,  ranging  from  the  very  small  excretion  in  experiment  No.  88, 
namely,  0.&17  gram  to  8.8d8  grama  in  experiment  No.  80.  The  average  of  all 
the  experiments  for  the  first  day  is  3.847  grams.  These  wide  variations  on  the 
first  day  indicate  clearly  that  the  excretioD  must  be  influenced  te  a  very  great 
degree  by  the  quantity  of  soluble  chlorides  taken  with  the  food  and  drink  of 
the  preceding  day. 

On  Uie  second  day  of  the  fast  the  variations  are  nearly  as  extreme,  ranging 
from  0.466  gram  in  experiment  No.  73,  to  6.714  grams  in  experiment  No.  83. 
The  average  for  the  second  day  of  all  the  experiments  is  2.463  grama.  In 
three  of  the  experiments,  Nos.  79,  83,  and  83,  tiie  excretion  of  chlorine  on  Qie 
second  day  was  greater  than  that  of  the  first  day.  Considering  only  the 
experiments  with  S.  A.  B.,  the  second  day  invariably  showed  a  diminlfibed 
excretion  as  compared  with  the  first,  although  there  is  no  regularity  i^  the 
per  cent  of  decrease.  Thus  in  experiment  No.  73,  there  is  a  decrease  of  about 
1.3  grams  in  the  excretion,  in  experiment  No.  75,  0.11  gram,  and  in  experi- 
ment No.  77,  in  which  there  was  an  imusually  large  excretion  on  the  first  day, 
i.  e.,  5.294  grams,  the  excretion  on  the  second  day  fell  to  1.671  grams. 

Three  experimenta  in  which  the  chlorine  was  determined  continued  for 
three  days  or  more.  The  excretion  on  the  third  day  averaged  0.898  gram.  A 
decrease  in  the  first  two  experiments  was  observed,  but  there  was  an  actual 
increase  in  the  excretion  on  the  third  day  of  experiment  No.  77  over  that  of 
the  second  day. 

The  continued  high  on^nt  of  chlorine  in  experiment  No.  77  is  difficult  to 
understand  except  on  the  supposition  that  this  subject  must  excrete  soluble 
chlorides  rather  slowly.  From  the  large  excretion  on  the  first  day  of  the 
experiment,  it  is  apparent  that  the  body  contained  much  more  chlorine  at 
the  beginning  of  this  fast  than  at  the  beginning  of  either  of  those  preceding. 
The  absolute  rise  on  the  third  day  of  ttie  experiment  ia  difficult  to  explain. 
The  abnormalities  in  the  urinary  constituents  during  experiment  No.  77  have 
freqnentiy  been  pointed  out. 

Not  until  the  fourth  day  of  fasting  is  reached  is  there  anything  approxi- 
mating constancy  in  the  excretion  of  chlorine  far  this  subject.  The  variations 
here  are  from  0.246  to  0,647  gram,  the  average  excretion  beinff  0,416  gram. 
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It  thus  appears  that  during  fasting  the  etcretioD  of  chlorine  may  be  con- 
siderable on  the  first  two  days,  a  smaller  amount  appearing  usually  on  the 
second  day.  There  Is  a  marked  decrease  in  the  total  excretion  on  the  third 
day.  On  the  fonrtli  day  the  elimination  decreases  to  about  0.4  gram  and 
remains  fairly  constant  for  the  three  days  following. 

The  rcsnltfl  obtained  in  these  experiments  are  also  of  interest  in  discussing 
the  question  of  the  existence  of  an  exceasive  amount  of  chlorine  in  the  body 
over  and  above  what  is  needed  in  the  system.  According  to  Monk's  (7)  con- 
ception, man  hag  become  accostomed  to  much  larger  amounts  of  sodium 
chloride  than  have  actually  been  needed,  and  hence  there  is  in  the  body  au 
excess  which  is  rapidly  eliminated  on  fasting.  A  more  recent  statement  of 
this  view  has  been  given  by  Magnus-Levy."  An  examination  of  the  data  given 
in  table  315  ahowe  that  in  nearly  all  the  earlier  experimenta  considerable 
amonnte  of  chlorine  were  excreted  on  the  first  days  of  the  fast.  In  general, 
the  excretion  diminished  considerably  after  the  second  day.  In  practically  all 
cases,  the  excretion  remained  above  0.7  gram.  The  marked  exceptions  to  tiiis 
in  previously  published  work  on  fasting  are  the  fifth  and  sixth  days  of  the  fast 
of  Breithaupt  and  the  fifth,  sixth,  and  seventh  days  of  the  fast  of  Flora 
Tosca.  On  the  basis  of  the  results  obtained  on  Cctti  and  Breithaupt,  as  well 
as  the  earlier  results  on  Succi,  Munk  contends  that  there  is  a  considerable 
accumulation  of  chlorine  in  the  body  which  may  amount  to  10  or  16  grams. 
This  is  excreted  during  the  first  days  of  fasting,  after  which  the  excretion 
becomes  constant  The  date  for  the  chlorine  elimination  on  the  later  days  of 
the  fast  with  Sncoi  indicate  that  about  one-half  a  gram  of  sodium  chloride 
WEB  excreted  per  day. 

The  data  for  the  Middletowu  experiments,  on  the  other  hand,  show  markedly 
different  results.  While  in  the  series  of  2-day  experiments,  the  chlorine  excre- 
tion is  perfectly  comparable  to  that  of  the  earlier  experimente  with  one  or  two 
exceptions,  in  the  long  fasts  with  S.  A.  B.,  especially  experimente  Koe.  73 
and  75,  the  rapid  excretion  of  any  chloride  accumulated  in  tiie  body  is  not 
obeerved.  Indeed,  even  during  the  seven  day  fast,  although  to  be  sure  the  data 
for  the  fifth  day  are  missing,  the  total  elimination  of  chlorine  is  (allowing 
0.460  as  the  elimination  for  the  fifth  day)  leas  than  6  grams.  Elxtremely  low 
reaulte,  also,  are  observed  in  experiment  No.  73.  Singularly  enough,  in  ex- 
periment No.  77,  the  chlorine  excretion  is  more  nearly  in  accord  with  the 
resulte  of  earlier  observations. 

A  possible  explanation  of  the  extremely  small  output  of  chlorine  in  experi- 
mente  Nos.  73,  75,  and  77  may  be  found  in  the  fact  that  the  subject  of  the 
experiments,  S.  A.  B.,  used  food  largely  of  a  vegetable  nature,  and  practically 
no  teble  salt.    It  was  the  opinion  of  the  aesistants  who  weighed  and  prepared 
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his  food,  that  in  the  latter  part  of  the  first  mtrogen  metabolinn  experiment, 
i.  e.,  the  days  immediately  preceding  experiment  No.  77,  he  congomed  con- 
Biderably  more  table  salt  than  formerly.  Unfortunately,  ireighings  of  the 
salt  coneomed  were  not  made  and  hence  this  impreseion  lacks  acientifijc 
verification.  An  inspection  of  the  menus  of  the  food  consnmed  during  the 
nitrogen  metabolism  experiments  would  tend  to  verify  this  observation,  since 
the  subject  used  a  little  meat,  which  was  contrary  to  his  earlier  custom.  The 
subject  of  experiment  No.  83  reports,  on  the  other  hand,  that  it  is  his  custom 
to  use  average  amounts  of  table  salt,  but  the  term  "  average "  is  at  beat 
vague.  It  is  hardly  probable  that  with  the  large  amount  of  food  eaten  by 
the  subject,  S.  A.  B.,  during  all  the  periods  betweeo  the  fasting  experiments, 
there  was  not  a  considerable  amount  of  sodium  chloride  consumed  with  the 
food,  although  a  comparatively  small  amount  of  cooked  food  was  commonly 
taken.  Unfortunately,  data  regarding  the  retention  ol  sodinm  chloride  after 
the  fast  are  lacking.  Taking  the  data  ae  presented  in  table  £16,  the  results 
of  experiments  Nos.  73,  75  and  83,  and  indeed  those  of  No.  77,  certainly  do 
not  point  toward  the  excretion  of  any  considerable  amount  of  excess  chlorine 
accumulated  in  the  body  prior  to  the  fast. 

A  striking  exception  to  the  general  trend  of  the  ezpwiments  is  seen  in 
experiment  No.  83,  in  which  the  chlorine  excretdon  on  the  two  days  of  the 
fast  was  0.61?  and  0.638  gram  re^>ectivdy.  The  analyses  were  repeated 
several  times  and  the  possibility  of  error  seems  to  be  eliminated. 

Proportion  of  sodium  chloride  in  tuh. — Since  in  all  probability  soluble  chlo- 
rides consumed  with  the  food  on  the  day  immediately  preceding  the  fasting 
period  are  rapidly  excreted  and  thereby  appear  in  large  measore  on  the  first 
days  of  the  fast,  it  is  of  interest  to  note  the  proportion  of  total  ash  which  is 
represented  by  the  chlorides.  While  Mnnk  has  shown  (7)  that  the  chlorine  In 
the  urine  is  to  a  certain  extent  combined  with  bases  other  than  sodinm,  the 
amount  of  chloride  other  than  sodium  chloride  is  relatively  small  and  for  pur- 
poses of  comparison  we  may  assomc  that  all  the  chlorine  that  is  excreted  is 
combined  with  sodium.  The  amounts  of  sodinm  chloride  calculated  as  ex- 
creted in  the  nrine  are  recorded  in  table  217,  and  in  this  table  the  proportion  of 
the  total  ash  represented  by  sodium  chloride  is  likewise  recorded. 

The  largest  excretion  of  sodium  chloride  is  commonly  found  on  the  days 
when  there  was  the  larg^t  excretion  of  ash.  Thos,  on  the  first  day  of  experi- 
mrait  No.  80  when  there  were  18.93  grams  of  total  ash,  it  is  computed  that 
there  were  14.69  grams  of  sodium  chloride.  Similarly  on  the  first  days  of 
experiments  Nos.  86  and  89,  the  large  amounts  of  total  ash  are  accompanied 
by  large  amounts  of  sodium  chloride.  The  lowest  percentages  observed  in  the 
first  two  days  of  fasting  are  those  found  in  experiment  No.  83. 

Ash  other  than  sodium  chloride. — The  very  considerable  fluctuations  in  the 
amounts  of  sodium  chloride  excreted  in  the  urine  from  day  to  day  make  a 
comparison  of  the  ash  other  than  sodium  chloride  on  different  days  of  interest. 
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and  wliile  Bomewhat  extraoeons  to  the  general  matter  raider  diBcuaaion  in  this 
particalar  section,  the  qoantitiee  of  ash  other  than  sodium  chloride  have  been 
computed  and  placed  in  table  217.  These  amonnts  of  ash  are  seen  to  be  much 
mora  uniform  than  the  total  aah  as  detennined,  and  from  the  regularity  of  the 
sulphur  and  phosphorus  eliminations,  it  is  io  be  expected  ^t  the  ash  other 
than  Bodinm  chloride  would  remain  practically  ctHistant  thronghont  the  experi- 
ment. The  second  da;  of  experiment  No.  77  shows  the  largest  amount  of  this 
portion  of  the  total  ash,  amounting  to  9.32  grams.  In  general,  the  excretion 
of  ash  other  than  sodium  chloride  is  not  far  from  6  grama  per  day. 

Tablb  217.— 


1.  S8-39.  1905 

1.  90-80,  1905...... 

1.  30-Sl,  IMS 

1.  81-Feb.  1,  190».. 
b.    1-  a,  IBOS 


r.  1-  S,  1906  . 

r.  B-  8.  1905  . 

r.  6-  7,'  laOB  . 

r.  7-  8,  190S  . 

f.  e~  9,  1005  , 

r.  9-10,  1905  . , 

f.  10-11,  1906. 


9.9« 
e.BS 
B.74 
S.09 


«.0S 
7.54 
0.44 
7.80 


:.    8-  9,  1905 18.88 

■.    9-10,1905 '  11.98, 

r.  10-11,1906 10.55  j 

:.  11-19,  190B 9.14 


H.  E.  8.: 

Oct 

IVOR 

Oct 

a  B.  T.: 

Oct. 

innn 

Oct. 

28-W 

1905 

A.  H.  M.: 

Not 

Not 

a8-3B 

1905 

H.  C.  K.: 

Hot 

il4-9B 

1905 

Nov 

1»-M 

1W)5 

H.  R.  D.: 

D«e. 

5-fl 

1905 

Dm. 

«-  7 

IWOB 

N.  M.  P.: 

Dae. 

11X15 

Dec. 

10-11 

1905 

D.  W.: 

9-10 

1908 

Jtn. 

10-11 

1904 

10. ss 

8.19 
S.78 

■0.30 
12.47 
6.67 


0.9« 
0.6* 
0.87 

S.S9 
S.91 
1.09 
0.41 


9.  TO 
3.17 
1.07 


Asbothor 
aUoTidfl. 


•0.99 
7.66 
9.41 


7.97 
S.4S 
6.48 
6.80 
5.85 

S.04 
5.83 
5.42 
7.89 


5.14 
9.99 
7.88 
8.07 


Propomon 
If  •odlmn 
oblorids 


89.0 
99.8 
10.8 


08.0 
S8.0 
SO.O 
11.7 


•CaleaUted.    Bm  p.  348. 
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TATBR  OUTPUT. 

No  otter  compound  exists  in  the  bod;  in  Bach  Urgs  proportionB  ae  doee 
water.  The  flnctuatiooB  in  the  amoont  of  water  in  the  body  dnring  inanition, 
therefore,  demand  special  stady.  During  fasting  experiments  as  ordinarily 
conducted,  drinldng-water  is  allowed,  and  hence  the  relations  between  the 
amonnts  of  drinking-water  and  the  amounts  of  water  excreted  either  through 
the  kidneys  or  lungs  and  skin  are  likewise  of  importance. 

In  discussing  the  volume  of  urine  daring  fasting,  considerable  emphasis  was 
laid  upon  the  relataon  between  the  amount  of  water  consumed  and  the  volume 
of  nrine,  and  specifically  the  water  in  urine."  It  was  there  pointed  out  that 
while,  in  general,  the  ingestion  of  large  Tolomes  of  water  was  accompanied  by 
large  volumes  of  water  in  the  urine,  at  the  same  time  there  were  marked 
exceptions  to  this  general  role.  These  exceptions  imply  that  the  water  of  urine 
is  an  excretory  product  governed  by  definite  laws,  the  nature  of  which  is  as 
yet  but  little  understood.  Since,  in  nearly  all  experiments  heretofore  made 
with  fasting  men,  an  accurate  measure  of  the  total  water  excretion  is  lacking, 
the  data  obtained  in  these  experiments  wiU,  it  Is  hoped,  be  of  value  in  explaining 
the  nature  of  the  apportionment  to  the  Mdneys,  lungs,  and  skin  of  the  water 
excreted  by  the  body. 

Since  drinking-water  was  allowed  ad  libitum  in  all  the  experiments  here 
reported,  the  actual  loss  of  water  to  the  body  was  less  than  the  loss  occurring 
dnring  complete  abstinence  from  water  ae  well  as  food. 

The  amounts  of  drinking-water  ooDsnmed  by  the  various  subjects  were 
widely  different  in  different  experiments.  In  certain  experiments,  the  subjects 
were  especially  requested  to  consume  large  quantities  of  water,  but  in  tiie 
aeries  of  2-day  fasting  experiments,  the  subjects  as  a  rule  consumed  only  as 
much  as  was  actually  desired,  the  amount  taken  rarely  exceeding  1000  grams. 
On  one  day  but  115.1  gramB  were  conenmed.  The  data  for  the  amounts  of 
water  consumed  are  given  in  table  193. 

While  under  ordinary  conditions  when  food  is  eaten,  some  water  may  be 
furnished  the  tissues  by  the  oxidation  of  the  organic  hydrogen  of  the  food, 
in  fasting  experiments  where  no  food  is  ingested  the  water  of  oxidation  of 
organic  hydrogen  most  be  formed  from  the  organic  hydrogen  of  the  body 
material  broken  down.  The  proportions  of  water  thus  formed  may  be  more 
properly  studied  after  the  consideration  of  the  katabolism  of  body  material. 
Thus,  it  is  important  to  recognize  that  while  the  water  output  consists  for  the 
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From  the  discussion  of  feces  (see  page  337),  it  can  readily  be  seen  that  the 
isolation  of  so-called  "fastlDg  feces,"  namely,  feces,  the  organic  matter  of 
Thich  ma;  be  said  to  be  derived  from  the  disintegration  of  body  material,  is 
extremely  difBcnlt.  The  excretion  of  water  in  feces,  however,  can  be  readily 
determined.  Unfortonately,  carefnl  determinations  of  water  in  feces  were 
not  made  in  some  of  the  Middletown  experiments,  since  it  was  apparent  that 
the  feces  had  resulted  from  the  ingestion  of  food  prior  to  the  fast.  Errors  are 
thereby  nndonbtedly  introduced,  since  the  watra  of  the  feces  was  actually 
excreted.  In  the  food  experiments,  it  has  been  assumed  that  certain  amounts 
of  water  were  excreted  in  this  way,  and  tiie  preformed  water  lost  has  been 
calculated  on  this  assumption. 

While  normal  feces  contain  not  far  from  70  to  80  per  cent  of  water,  dmiing 
fasting,  the  feces  are  nanallj  retained  for  a  considerable  period  of  time,  become 
hard  and  pilolar,  and  consequently  have  a  much  smaller  water  content.  The 
exigencies  of  experimenting  in  one  instance  called  for  the  removal  of  fecal 
matter  by  means  of  an  enema,  and  hence  in  this  connection  it  was  ditBcult  to 
determine  tiie  water  actually  excreted  with  the  feces. 

WATBB  OF  URINE. 

Large  amounts  of  water  are  excreted  in  the  urine  daring  fasting.  In  a 
preceding  section  the  ratio  of  water  of  urine  to  water  of  drink  has  been 
discussed  at  length  (see  p.  348). 

WATER  OF  BESPIEATIOH  AND  PBBSPIEATION. 

Considerable  quantities  of  water  are  evaporated  from  the  longs  and  skin 
and  it  becconee  necessary  in  accurate  metabolism  experiments  to  measure  the 
amounts  lost  Since  each  gram  of  water  vaporized  requires  the  absorption  of 
0.692  calorie  of  heat,  the  influence  of  the  water  of  respiration  and  perspiration 
on  the  heat  output  is  very  marked,  and  consequently  for  the  accurate  determina- 
tion of  the  heat  production  careful  measurement  of  the  irater  of  respiration 
and  perspiration  is  necessary.  Furthermore,  an  accurate  record  of  tiie  water  of 
respiration  and  perspiration  is  essential  for  determining  the  amount  of  pre- 
formed water  excreted,  and  the  water  resulting  from  the  oxidation  of  organic 
material  in  the  body. 

The  difficulties  attending  the  collection  and  analysis  of  the  respiratory  gases 
have  predudedj  in  practicfJly  all  of  the  earlier  experiments  on  fasting,  a  study 
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nature  of  clothing,  furniture,  etc.,  and  difScultieB  attending  the  accorate  record 
of  body-weight,  all  tend  to  vitiate  the  accuracy  of  the  indirect  determination  of 
water-vapor  as  heretofore  made. 

To  be  Bare,  a  fairly  close  approximation  con  be  obtained  by  means  of  the 
ao-called  "insensible  loss,"  which  can  be  computed  from  the  changes  in 
body-vdgbt  from  the  beginning  to  the  end  of  the  day,  the  weights  of  urine 
and  feces,  and  the  weights  of  drinking-water,  provided  there  is  a  determination 
of  the  amount  of  carbon  dioxide  exhaled.  In  the  experiments  on  Cetti  and 
Breithaupt  reported  by  Munk  (7),  the  respiratory  quotient  and  consequently 
the  carbon  dioxide  elimination  was  determined  on  different  days  but  only 
for  short  periods  each  day.  From  these  determinations,  the  authors  calca- 
lated  the  total  carbon  dioxide  elimination  for  the  24  hours.  Thus,  the  data 
were  obtained  for  computing  the  inseneible  loss  in  these  experiments. 

In  the  10  days  of  Cetti's  experiment,  it  waa  computed  that  there  were  8016 
grams  of  water  of  respiration  and  perspiration,  an  average  of  802  grams  per 
day."  iFrom  the  determinations  of  the  amount  of  protein  katabolized,  and  like- 
wise from  the  estimations  of  fat  oxidized,  on  the  basis  of  the  respiratory  ex- 
periments made  with  the  Zuntz  apparatus,  the  authors  apportioned  the  amount 
of  water  vaporized  in  terms  of  water  of  oxidation  of  organic  material  and  water 
lost  from  the  body  itself.  Similar  results  were  reported  for  Breithaupt  in  a 
6  days'  fast  in  which  there  were  4199  grams  {700  grams  per  day)  of  water  of 
respiration  and  perspiration. 

The  errors  involved  in  computing  the  daily  absorption  of  oxygen  and 
elimination  of  carbon  dioxide  from  respiration  experiments  lasting  but  10  to  20 
minutes  are  obvious,  and  the  errors  wMcih  affect  the  measurement  of  the  carbon 
dioxide  elimination  likewise  affect  the  estimations  of  the  water  of  respiration 
and  perspiration.  Ifeverthelees,  the  results  obtained  by  this  method  are  by 
DO  means  as  inaccurate  as  one  might  suppose. 

By  means  of  the  more  accurate  determination  of  the  total  elimination  of 
carbon  dioxide  with  the  Tigeratedt  apparatus,  the  water  of  respiration  and 
perspiration  was  computed  in  the  experiments  on  J.  A.  (9).  The  objections 
to  the  determination  of  carbon  dioxide  in  short  periods  did  not  here  obtain, 
and  although  the  subject  left  the  respiration  chamber  each  day  for  a  period  of 
two  hours,  the  estimation  for  the  remainder  of  the  day  waa  unquestionably 
extremely  accurate.  When  computed  for  the  24  hours  of  the  day,  the  result 
represents  the  probable  carbon  dioxide  output  of  a  fasting  man  under  the  con- 
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day  and  during  that  time  fais  mnecnlar  activity  was  mnch  greater  than  in  the 
period  inside  the  chamber,  the  loflsea  in  body-weight  are  in  all  probability  too 
large  for  the  accurate  computation  of  the  water  vaporized.  Prom  the  lo§8  in 
body-weight  and  the  carbon  dioxide  ontpnt,  the  water  of  respiration  and  per- 
spiration was  computed.  The  amounts  thus  found  were  for  the  6  days  1058, 
931,  662,  1329,  and  803  grams. 

A  much  more  desirable  method  of  obtaining  the  water  of  respiration  and 
perspiration  is  that  in  which  the  subjects  are  inclosed  in  a  respiration  chamber 
and  tlie  water-Tapor  in  the  ventilating  air-current  accurately  measured.  The 
difficulties  attending  this  determinatioa  are  much  greater  than  at  first  sight 
would  appear.  The  bedding  and  other  articles  inside  the  chamber  are  prone 
to  absorb  or  give  off  water  and,  indeed,  in  considenble  amounte.  To  make  a 
complete  determination  of  the  amount  of  water-vapor  eliminated  from  the 
lungs  and  skin  of  the  subject,  therefore,  necessitetes,  in  addition  to  the 
measurement  of  the  water-vapor  in  the  air,  a  record  of  the  changes  in  weight 
of  bedding  and  other  articles  in  the  chamber. 

It  is  of  special  interest  to  note  that  the  respiration  chamber  of  Pettenkofer  " 
was  used  first  to  stud;  the  metebolism  of  fasting  man.  The  experiments  were 
made  by  Bsnke."  From  the  carbon  dioxide  output  and  the  changes  in  body- 
weight,  Banke  computed  the  water  of  respiration  and  perspiration  in  three  24- 
hour  fasting  experimente  to  be  609,  1080,  and  537  grams.  The  room  tempera- 
tures were  19.5°,  S5.4°,  and  16.4°,  respectively.  On  the  last  day  no  water  was 
consumed. 

Direct  determinations  of  the  water-vapor  output  of  fasting  man  were  first 
reported  by  Pettenkofer  &  Voit.'*  These  writers  early  recognized  the  diffi- 
culties attending  water  determination,  and  the  observations  regarding  changes 
in  the  weighte  of  bedding,  ete.,  are  fully  in  accord  with  those  of  present  day 
experiments. 

The  experimente  of  these  investigators  lasted  24  hours.  During  this  period 
the  water  determinations  showed  an  elimination  of  828.9  grams  of  water  of 
respiration  and  perspiration  in  one  experiment  and  814.1  grams  in  another. 
In  the  tiiird  fasting  experiment,  during  which,  however,  the  subject  engaged  in 
considerable  muscular  work,  the  water  of  respiration  and  perspiration  amounted 
to  1778.5  grams.  While  unquestionably  the  results  obtained  by  Pettenkofer 
&  Voit  are  the  resultent  of  a  number  of  errors  which  are  more  or  less  com- 
pensating, the  fact  remains  that  these  observers  rec<^i3^  ^^  desirability  of 
determining  the  water-vapor  directly  instead  of  compating  the  insensible  loss, 
and  they  also  planned  their  experimente  to  cover  ftA  >\ouTe. 
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of  two  days'  daration  in  which  no  drinkiiig-water  was  taken,  and  the  other  of 
four  days  during  which  water  was  consumed.  The  snbject  remained  in  the 
respiration  chamber  the  larger  part  of  each  24  honrs.  Usoally  the  periods 
dnring  which  tiie  esperimeotid  obeervationa  were  recorded  were  of  9  to  10 
hours*  duration,  and  from  the  results  obtained  daring  these  periods,  tiie 
amounts  for  34  hours  were  computed.  On  the  2  days  of  the  first  experiment 
the  water  of  respiration  and  peiepiration  amounted  to  961  and  831  grams, 
respectively,  and  for  the  4  days  of  the  second  experiment,  the  amounts  were 
730,  709,  597,  and  713  grama.  Although  the  subject  spent  a  portion  of  the 
day  outside  the  respiration  chamber  with  somewhat  greater  muscnlor  activi^, 
tliese  results  are  not  liable  to  the  same  criticism  raised  r^^ording  the  obser* 
rations  made  on  J.  A.,  since  the  loss  of  body-weight  does  not  enter  into  the 
computation  for  Zi  bouro. 

The  Poshutin  respiration  apparatus  was  likewise  used  in  an  experiment 
in  which  the  water  of  respiration  and  perspiration  was  determined  hy 
likhacheT."*  In  this  experiment  the  subject  remained  26  hours  and  10 
minutes  inside  the  chamber,  and  from  the  observations  thus  made,  the  amounts 
for  24  hours  were  c(»npated,  thus  marking  a  distinct  advance  in  accuracy  over 
the  experiments  of  Sadovyen.  In  the  1-day  fasting  experim^it,  the  water- 
vapor  output  was  664  grams,  or  10.68  grams  per  kilo  of  body-weight.  No 
records  are  given  of  changes  in  weight  of  the  furniture  and  other  articles  inside 
the  chamber. 

In  the  four  earlier  fasting  experiments  made  in  this  laboratory  and  pre- 
viously reported,""  Uie  water  of  respiration  and  perspiration  was  determined. 
No  attempt  was  made  in  these  experiments  to  allow  for  any  changes  in  weight 
of  the  bedding  and  furniture.  The  amounts  of  water  of  respiration  and 
perspiration  for  the  different  days  were:  experiment  No.  36  (1  day),  768 
grams;  experiment  No.  39  (1  day),  822  grams;  experiment  No.  42  (1  day), 
842  grams;  experiment  No.  61  (2  days),  1018  and  895  grams,  respectively. 

The  particular  type  of  respiration  apparatus  used  in  theee  experiments  is 
especially  adapted  for  the  measurement  of  the  quantity  of  water  in  the 
ventilating  air-current.  Furthermore,  since  in  all  but  one  (experiment  No. 
69)  of  the  experiments  here  reported,  special  precautions  were  taken  to  secure 
reliable  weighings  of  the  bedding  and  other  articles  in  ttie  chamber  of  the 
apparatus,  corrections  for  variations  in  the  moisture  content  of  these  articles 
could  be  applied  to  the  other  measurements  of  water-vapor  and  the  water  of 
respiration  and  perspiration  be  accurately  measured.  Without  the  use  of  a 
respiration  chamber  ood  accurate  balance  for  noting  (be  gain  or  loss  in  weight 
of  the  articles  in  the  chamber,  accurate  measurements  of  the  water  of  respira- 
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The  lesulia  obtained  in  the  fasting  experiments  here  reported  are  given  for 
each  day  in  table  318,  {he  detailed  determinations  for  tiie  2-  and  3-hoiir  periods 
being  given  in  the  statistical  tables  for  tlie  different  experiments. 
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The  figoree  in  table  218  show  that  the  variations  betveen  different  days 
with  different  subjects  are  very  considerable,  ranging  from  618  grams  on  the 
fourth  day  of  experiment  No.  71  to  1061  grams  on  the  second  day  of  experiment 
No.  80.  It  is  to  be  noted  that  these  subjects  were  performing  no  muscular 
work  other  ttian  that  incident  to  the  ordinary  habits  of  life  inside  Uie  chamber. 

Considering  all  the  experiments,  the  variations  on  the  first  day  of  the  fast 
range  from  609  to  988  grams,  the  average  being  753  grams.  On  the  second 
day  of  the  fast,  the  range  is  from  618  to  1061  grams,  the  average  for  all  the 
experiments  being  a  little  more  than  that  on  the  first  day,  namely,  774  grains. 
The  smaller  number  of  experiments  which  lasted  three  or  more  days  show  a 
range  on  the  third  day  from  568  to  943  grams,  the  average  being  701  grams. 
As  the  fast  progresses,  the  average  amount  of  water  of  respiration  and  perspi- 
ration per  24  honrs  gradually  diminishes,  but  for  the  last  3  days  of  fast,  ^ 
here  recorded,  the  amount  is  nearly  ccmstant. 

Considering  the  experiments  with  the  same  subject,  the  agreement  between 
Noe.  68  and  69  is  fairly  dose,  the  second  day  of  experiment  No.  69  being  an 
exception.  On  this  day  there  were  160  gramB  more  water  given  off  than  on  the 
day  preceding. 

The  extended  series  of  experiments  with  S.  A.  B.  show  that  for  the  most  part 
on  the  first  day  without  food,  the  amount  of  water  was  fairly  constant,  ranging 
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from  6S0  to  746  gramB.  On  the  second  day  there  is  much  \esa  Turiatioii,  the 
minimum  and  maximum  being  618  and  665  grama.  The  diflerence  between 
the  lowest  and  the  highest  amounts  on  the  third  day  ia  90  grama,  and  on  the 
fourth  day  about  100  grams. 

In  general,  aa  the  fast  progresaee,  there  is  a  dimination  in  the  amount  of 
water  vaporized.     This  ia  especially  noticeable  in  the  longer  fasts  witii  S.  A.  B. 

The  absolute  amounts  of  water  excreted  in  the  respiration  and  perspiration 
are  on  the  whole  considerably  smaller  than  those  usually  found  with  resting 
subjects.  For  example,  in  the  numerous  rest  experiments  with  food  made  in 
this  laboratory  and  previously  reported,  the  lowest  amount  of  water  of  reapira- 
tion  and  perspiration  recorded  is  69?  grams'"  with  £.  0.  and  the  highest 
amount  is  1313  grama  with  the  aame  subject.  The  average  of  all  the  rest 
experiments  gives  a  water  excretion  from  lungs  and  skin  of  935  grams."" 

The  possible  factors  affecting  the  elimination  of  water-vapor  are  the  absolute 
amount  of  water  in  the  body,  including  the  drinking-water,  the  relative 
humidity  of  the  air  in  the  respiration  chamb^,  and  the  muscular  activity  of 
the  subject. 

Ratios  beticeen  the  water  of  respiration  and  perBjnration  and  amounts  of 
drinking-water. — The  ratios  between  the  water  in  the  urine  and  the  water  con- 
sumed have  received  special  diBcussion  on  page  348.  It  was  there  seen  that 
while,  in  general,  large  amountH  of  drinking-water  were  accompanied  by  large 
volumes  of  urine,  there  is  no  definite  ratio  between  the  volume  of  urine  and  the 
volume  of  water  consumed.  Especially  is  this  the  case  in  experiments  in  whidi 
very  small  volumes  of  water  were  taken.  The  effect  of  the  ingestion  of  large 
quantities  of  water  on  the  elimination  of  water-vapor  can  be  studied  by  means 
of  the  data  obtained  in  these  experiments,  since  the  amount  of  water  consumed 
each  day,  as  well  as  the  water  of  respiration  and  perspiration,  was  accurately 
measured.  The  ratios  between  the  water  of  respiration  and  perspiration  (table 
218)  and  the  amounts  of  drinking-water,  as  recorded  in  column  a  of  table 
193,  have,  therefore,  been  computed. 

The  results  show  widely  varying  ratios,  the  lowest  being  that  for  the  third 
day  of  experiment  No.  73,  namely,  0,218,  i.  e.,  for  every  1000  grams  of  water 
consumed  there  were  but  218  grams  of  water  of  respiration  and  perspira- 
tion. The  largest  ratio  is  that  of  the  first  day  of  experiment  No.  89,  namely, 
7.121.  On  this  day  the  subject  consumed  an  unusually  small  amount  of 
water,  i.  e.,  115.1  grams,  while  the  water  of  respiration  and  perspiration  was 
820  grams. 

The  ratios  in  the  experiments  with  S.  A.  B.  are  more  nearly  constant.  In 
experiment  No.  71,  the  ratios  for  the  4  days  are  0.618,  0.337,  0.346,  and  0.348, 
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averaging  0.358.  In  experiment  No.  73,  the  ratios  are  0.329,  0.232,  0.218, 
0.291,  and  0.505,  averaging  0.286.  In  experiment  No.  75,  the  ratioe  are 
remarkably  constant,  i.  e.,  0.330,  0.371,  0.311,  0.312,  0.366,  0.318,  and  0.321, 
averaging  0.331.  The  ratios  for  experiment  No.  77  are  somewhat  larger,  i.  a, 
0.387,  0.400,  0.606,  and  0.651,  averaging  0.454.  With  the  series  of  experi- 
ments with  S.  A.  B.,  therefore,  it  would  appear  that  there  is  a  possihie  ratio 
between  the  water  of  respiration  and  perspiration  and  the  amount  of  drinking- 
water.  Nevertheless,  it  must  be  borne  in  mind  that  only  on  one  day  in  all 
the  experimente  with  S.  A.  B.  did  the  drinking-water  conetuned  fall  below 
1000  grams.  That  there  can  be  no  definite  ratio  can  readily  be  seen  from  the 
fact  that  on  the  first  day  of  experiment  No.  73  when  the  subject  drank  2082 
grama  of  water,  the  wafer  of  respiration  and  perspiration  was  684  grams,  while 
on  the  second  day,  with  a  very  considerable  increase  in  drinking-water  (total 
2747  grams),  the  water  from  the  Inngs  and  skin  was  actually  lower,  i.  e.,  636 
grams.  Furthermore,  in  experiment  No.  71  on  the  third  day,  the  amount  of 
water  consumed  was  nearly  twice  that  on  the  first  day,  while  the  amount  of 
water  in  respiration  and  perspiratton  was  nearly  200  grams  less.  In  the 
shorter  experiments,  Noe.  79,  81,  and  85,  there  was  also  in  each  instance  a 
decrease  in  the  amount  of  water  consumed  on  the  second  day  over  the  firat, 
accompanied  by  an  actoal  increase  in  the  water  of  respiration  and  perspiration. 
Considering  all  the  experiments  seven  show  an  increase  in  the  water  of  vapor- 
ization on  the  second  day. 

In  general,  the  water  of  respiration  and  perapiration  remains  fairly  constant 
on  the  different  days  of  the  same  experiment,  there  being  a  slight  though  per- 
sistent diminution  as  the  experiment  proceeds.  Frequently  there  is  a  parallel 
diminution  in  the  amount  of  drinking-water,  but  in  certain  instances,  especi- 
ally in  the  two  cited  above,  the  contrary  is  true.  Since,  therefore,  there  is 
such  relative  constancy  in  the  water  of  respiration  and  perspiration  and  such 
wide  variations  in  the  amount  of  water  consumed,  it  is  obvious  that  the  ratio 
between  the  water  vaporized  from  the  body  and  the  water  consumed  must  show 
marked  fluctuations. 

It  ie  difBcult,  therefore,  to  trace  any  relationship  between  the  amount  of 
drinking-water  consumed  and  the  elimination  of  water-vapor.  As  a  matter 
of  fact,  since  all  of  the  experiments  here  compared  were  made  under  condi- 
tions of  rest,  what  is  recorded  as  water  of  respiration  and  perapiration  is  practi- 
cally confined  to  the  water-vapor  leaving  the  Inngs  and  skin. 

The  absence  of  any  apparent  influence  of  the  amount  of  drinking-water  on 
the  water  of  respiration  and  perapiration  in  these  fasting  experiments  is  in 
accord  with  the  observations  of  Laschtschenko,""  who  made  a  number  of  experi- 
ments in  a  Pettenkofer  respiration  apparatus  to  study  the  influence  of  the  in- 

"Arohlv  f.  Hygiene  (1898).  33,  p.  145. 
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gestion  of  large  amounts  of  water  on  the  vater-vapor  output  of  man.  The 
experiments  did  not  include  obeervations  during  a  period  of  inanition. 

The  figurea  in  tables  193  and  218  permit  a  compariBon  of  the  water  of 
respiration  and  perapLration  with  the  water  in  the  urine,  alfboogh  no  ratios 
between  these  two  factors  have  been  computed  and  tabulated.  As  is  the  case 
with  the  water  of  respiration  and  perspiration,  the  water  in  the  urine  tends  to 
diminish  as  the  fast  progresses,  and  yet  in  experiments  Soi.  69,  71,  and  75 
the  contrary  is  true.  Furthermore,  on  the  second  day  of  experiment  No.  73, 
on  which  the  largest  amount  of  water  in  the  urine  (2928  grams)  was  voided, 
the  total  water-vapor  output  was  but  636  grams,  while  witii  l^e  same  subject 
on  the  first  day  of  experiment  No.  71,  where  the  water  in  the  urine  was  about 
one-third  of  that  on  ttie  second  day  of  expoiment  No.  73,  the  water  of  respira- 
tion and  perspiration  was  more  than  100  grams  larger.  No  relation,  therefore, 
appears  between  the  amount  of  wat«r  in  the  urine  and  the  amount  of  water- 
vapor  eliminated. 

Influence  of  the  water  content  of  the  body. — As  will  be  seen  from  the  di^ 
cuseion  on  page  467,  there  is  material  loss  of  preformed  water  from  the  body 
OS  Qie  fast  progreasee,  hence  it  might  be  contended  that  the  restricted  elimina- 
tion of  water-vapor  may  partly  be  accounted  for  by  the  lowering  of  the 
absolute  amount  of  water  present  in  the  body.  On  the  other  hand,  the  actual 
amount  of  preformed  water  lost  from  the  body  is  but  a  small  proportion  of  the 
total  water  in  the  body  and  the  percentage  of  water  present  in  the  body  is 
hardly  affected  by  the  losses  in  fasts  as  short  as  are  these  under  discussion.  It 
does  not  seem  reasonable,  therefore,  to  conclude  that  the  relativdy  small  losses 
of  preformed  water  from  day  to  day  can  influence  appreciably  the  diminution 
in  the  output  of  water-vapor  noted  as  the  fast  pn^reesee. 

Influence  of  variatione  in  relative  htimidity. — ^As  the  air  comes  in  contact 
with  the  moistened  mucous  membrane  of  the  mouth,  noee,  throat,  and  lungs, 
water  is  rapidly  evaporated  from  these  tracts  and  tiie  exhaled  air  has  com- 
monly heeo  assumed  to  be  saturated  with  water-vapor  at  the  temperature  of 
the  body. 

Air  is  inspired  at  the  relative  humidity  of  the  air  in  the  chamber.  The 
lower  the  humidity,  the  greater  the  amount  of  watei^vapor  taken  up  by  the 
air,  as  it  passes  through  the  lungs.  Similarly,  as  the  air  comes  in  contact 
with  the  surface  of  the  body,  the  lower  the  humidi^  the  greater  the  amount 
of  water-vapor  taken  up.  We  should  then,  naturally,  expect  to  find  that  the 
amounts  of  water  sriven  off  bv  the  bodv  twt  ditv  wnnM  in  fhn  TnAmritv  of 
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ezperiments,  ebovs  that  as  a  role  the  relative  humidity  of  the  air  inside  the 
chamber  becomes  lower  and  lower  as  the  faat  progreeees.  The  percentage 
relative  humidity  is  determined  in  large  measure  hj  the  rate  of  ventilation  of 
the  chamber.  The  more  rapid  the  rate  of  ventilation,  the  greater  the  amonnt 
of  air  withdrawn  and  completely  deprived  of  itg  moistare  by  passing  through 
concentrated  aolphnric  aiud,  and  hence  tlie  larger  the  volnme  of  dry  air 
retomed  to  the  chamber.  While  in  the  2-hoar  periods  it  is  more  than  probable 
that  the  rate  of  speed  of  the  electric  motor  and  consequently  the  volnme  of  air 
passing  through  the  chamber  may  vary  considerably,  it  is  highly  improbable 
that  in  the  course  of  M  honi«  any  marked  variations  in  the  amounts  of  air 
pasfflng  throogh  the  chamber  are  to  be  observed.  In  the  earlier  series  of 
experiments  made  with  the  apparatus  in  a  very  different  form,  a  mechanical 
air  pump  was  used  and  a  large  number  of  records  were  obtained  to  show  the 
total  ventilation  per  24  hours.  Inasmuch  as  the  same  electric  motor,  shafting, 
fittings,  etc.,  aside  from  substituting  a  rotary  blower  for  the  mechanical  air 
pump,  are  now  used,  the  conditions  are  not  diffownt  now  than  they  were 
before.  At  that  time  all  the  air  passing  through  the  chamber  was  first  caused 
to  pass  through  a  large  gas  meter  and  thos  a  record  of  the  total  ventilation  was 
obtained.  The  total  ventilation  for  a  large  number  of  days  rarely  altered  more 
tiian  8  or  4  per  cent  from  day  to  day."* 

It  seems  probable  that  the  rate  of  ventilation  stays  ressonably  constant 
Under  these  circnmstancea,  then,  any  fall  in  the  relative  humidi^  must  be 
ascribed  to  a  diminished  loss  of  water  from  the  body  throuj^  the  lungs  and 
skin  and  the  figures  given  in  table  SIS  show  that  this  is  actually  the  case. 
Since,  then,  there  is  a  diminiahing  loss  of  water  of  respiration  and  perspiration 
from  the  body,  even  with  a  markedly  diminished  relative  humidity,  it  seems 
clear  that  at  least  in  experiments  with  fasting  men  some  factor  other  tiian 
relative  humidity  determines  the  loss  of  water  of  respiration  and  perspiration. 

Influence  of  miwcular  adwity. — ^The  only  remaining  factor  that  seems  in 
any  way  connected  with  the  formation  of  water  of  respiration  and  perspiration 
is  mnscular  activity.  The  frequent  observations  that  excessive  muscular 
activity  results  in  profuse  Bensible  perspiration  justify  the  assumption  that 
ev^  minor  muscular  activity  would  cause  an  increase  in  the  insensible  perspi- 
ration over  that  commonly  occurring  during  rest.  It  might  be  expected, 
furthermore,  that  the  muscular  activity  would  determine  to  a  comiderable 
extent  the  degree  of  insensible  as  well  as  sensible  perspiration. 

The  muscular  activity  in  experiments  of  this  nature  may  be  measured 
relatively  by  three  methods:  (1)  The  record  of  the  muscular  movements  of 
the  subject  obtained  from  the  diary,  notes  of  assistants,  etc;  {%)  the  carbon 
dioxide  production,  which  is  an  approximate  index  of  muscular  activity;  and 
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(3)  the  heat  prodnctioii,  which  varieg  directly  with  the  nnucnlar  actiTity. 
By  comparing  the  estimated  amount  of  muscular  actirity  (derived  by  the 
above  methods)  with  the  quantities  of  water-vapor  in  respiration  and  perspira- 
tion, any  relation^pa  existing  between  them  may  readily  be  observed. 

As  the  result  of  observations  in  a  large  number  of  experiments  on  mnsctdar 
work,*"  it  has  been  found  that  excessive  muscular  work  produces  an  enormous 
increase  in  the  wat^r  vaporized  from  the  lungs  and  skin.  It  has  been  d^nitely 
shown  that  when  sensible  perspiration  appears,  there  is  a  noticeahle  increase 
in  the  water-vapor  output  accompanying  mnscnlar  work.  On  the  other  hand, 
when  no  extraneous  muscular  exercise  is  taken,  it  is  difficult  to  demonstrate 
the  influence  of  minor  muscular  activity  on  the  water-vapor  output  In  all 
the  experiments  here  reported,  the  subjects  were  practically  at  rest,  with  the 
single  exception  of  the  second  period  of  experiment  No.  71  when  the  subject 
rode  a  bicycle  ergometer  for  10  minutes.  There  was  no  visible  perspiration, 
however,  in  this  short  period  of  exercise.  The  marked  differences  in  the  elimi- 
nation of  water-vapor,  therefore,  must  be  explained  by  some  factors  other  than 
marked  muscular  activity,  for  the  daily  routine  of  the  subjects  was  not  unlike, 
as  is  seen  by  comparing  the  records  of  body  movements.  However,  that  there 
were  marked  differences  In  the  sum  total  of  ttodily  activities,  not  only  in 
experiments  with  different  subjects  but  also  on  different  days  of  the  same 
experiment,  is  shown  in  the  discussion  regarding  muecular  activity.  A  com- 
parison of  the  relative  amounts  of  muscular  activity  there  estimated  with  the 
amounts  of  water-vapor  leaving  the  lungs  and  skin  shows  that  there  is  a  dis- 
tinct relation  between  even  the  minor  differences  in  muscular  activity  as  es- 
timated and  the  actual  water-vapor  output. 

The  problem  is,  however,  not  as  simple  as  it  first  appears,  for  on  the 
assumption  that  even  minor  differences  in  muscular  activity  produce  wide 
variations  in  the  total  quantity  of  water  vaporized,  we  should  expect  to  find  a 
much  smaller  vaporization  of  water  during  the  night  period  of  all  the  experi- 
ments, when  the  eubjeclB  were  asleep,  than  during  the  day  period.  This  is 
not  invariably  the  case  as  is  shown  in  the  discussitm  in  the  next  section. 

The  periodic  elimination  of  viater^apor. — Opportunity  was  offered  in  the 
aperimenia  here  reported  to  study  the  periodicity  of  the  output  of  water-vapor 
during  the  experimental  day.  The  experimental  periods  were  all  of  3  hours' 
duration.  Since  unusual  care  was  taken  in  the  measurement  of  the  watei^vapor 
and  comparatively  small  changes  in  the  weight  of  the  bed,  bedding,  etc., 
occurred  in  a  majority  of  the  experiments,  the  results  give  an  accurate  measure 
r.*  *Ki  watf>r^TAnor  outout  for  the  different  periods  of  the  day.     The  methods 


d  by  Google 


Water  of  Rbbpibation. 


Ta.m 

atoll 

11 
p.m. 

ItoS 
p-m. 

Btoft 
p.m. 

!to7 

p.m. 

9tOll 
p.m. 

11 

ItoB 
a.m. 

etoB 

a-m. 

BtoT 

No 
Fo 

No 

No 

No 
Mo 

No 
No 

No 
No 

n,  Jbd.   T- 8.1901 

TB,  JiD.  tS-!9.  ISOG 

Feb^   1-8.J906....: 

"•SStflSS::::: 

Har.  10-U,  ISOS.... 

"•1?;:  «K:;;:; 
5g;:Mffi::::: 

Ti.  Oct  ia-14. 1B06 

Oot.  11-U,1S0G 

"■StaS::::: 

81,  Not.  n-»  190G 

Nov.  8MB,  1906 

BS.MoT,U-Zt,lM)6 

Nov.  Es-n,  igot 

«ffi:!:5i!S::::: 

W.DOO.   B-10,1906 

Dec.  10-11.  IVOt 

"•JSKIS!::;:; 

I 

■n 

81 
8S 
K 
SI 

! 

s 

I 

«8 

to 

S 

n 
ss 
« 
u 
vt 

08 

i! 

K 
S5 

1 

« 
a: 

! 

s 
1 

s 
f 

n 
« 

I 

67 

as 

! 

81 

1 

a 
t 

8 

a 

4 

8 

4 

04.  i 

wis 

89.9 

1! 

m.o 

11 

ii 

i 

ii: 

IS:! 

M.a 

116.1 

a 

«9i9 
M.6 
U.B 

S:! 

» 

06.9 
»!! 

M.3 

Is 

aa.4 

ee'.t 

48.1 

ll 

63!l 
49.4 

ii 

K 

B6!s 

ii 

68.  £ 

n.8 

6t,« 

Si 

S:8 
ii:i 
ti:i 

64.6 

ii 
ii 

!!1 

4T.8 

ae.o 
64: 

4T. 
49. 

84.8 

wis 
II. a 

49.7 

S:.' 

S:i 
8:8 

in 
SI 

66!t 
6E.1 

68. B 

6i:8 
46. 8 
46.8 

S: 
1 

S8.7 

ll'.l 
8E.6 

K 

M.0 
86.4 

iif 

i 

•lis 

Et 

48.9 
4£.S 

£S 

BS.7 

io.a 
48.: 

48.9 

B:! 
1 

SB.  7 

K 

il 
^1 

78.8 

SH.e 

68.1 

K 
Si 

Si" 

88 

B8 
SI 
48 

89 
«1 

4i 
48 

69 

49 
48 

4a 

i 

64 

88 
48 

i 

se 
ss 

81 

Z 

1 

[ 

1 

i 

I 

1 
1 

! 

si 

aoia 

80.S 
6S.3 

II 

11 

i:i 
Ii 

Ii 

84-1 

ij 

48.8 

§! 

6S.4 

81 

a9!9 

omt 
ao.3 

7o!a 

88.0 
60.7 
48.9 

Hi 

w.a 

1; 

ii 

Ii 

SI 

96.9 

88.8 
4S.8 

i 
!! 

8i;7 

a-- 

Ii 

88.4 

gi 

4T:a 

48. 9 
41.4 
68.7 

Ii 

ii 

60.9 
S4.B 

11 

64:7 

BB.e 

89.6 

4s:i 

80.9 
88.0 

a. 

64 

BO 

i 

I 
i 

■s 

4t 

« 

sa 

as 
ai 

88 

1 

B 

1 

i 

9 

*"S«^':::::: 

Third  d« 

All  day* 

No.TO.Deo.aMl.]«14'..... 

I>»c.tlM».lVOl'.'.'.'.'. 
NO.TB.  JB«i.lI-B,igOS..... 
No.Tl.F«b.   S-8.]m 

Feb.  S-t,mt 

Feb.  *-ll,l«6 

N0.7S.  Mar.  U-B.  1908 

Har.U-iaint 

llBr.l8-»,190B 

IS 

•n 

1 
ii 

8 
4 

« 

a! 

1 

SI 

N.8 
69.9 

tl 

m.o 

44. Z 

Ii 

48.0 

as 

fiO.8 

68 

1 

49 

6e.S  i  68.6 

SIlK 

60.4  .  48.3 
48.8  ,  46.S 
48.4     46.9 

SS 

|i 

4 

M 

6 

68.1 

67.8 

S6.8 

m.x 

M.l 

66 

s 

68.1     S8.8 

SB.6 

S8.S 

7E 
71 

18 

ii 

48 

IW 

I 

9 

a 

i 

!! 

68.8 

Ii 

5!.8 
U.0 
4B.S 
44.9 

66.9 

SI  la 

89.9  '  B7.9 
48.8     4E.0 

si.s :  fica 
fie.o  1  i8.« 

£:SiS?:? 

a6.9 

ffi:! 

4fl.E 
49.6 
44^1 

Bt.T 

•8 

% 

40 

1 

EI 

BO 

1 

■n.i  ■  90.9 
9«.g     9S.8 
10B.B  .110.6 
4S.8  ;  48.6 

4i:7  41:7 

40,8  '  41.8 
48.a  '  47.S 
48.1  ,  48.6 
4_8.l  1  46.9 

1;! 

89.S 
40la 

a! 

48 
48 
41 
89 

i 

8 
1 

1 

Av 

?/™S/T'.™'!" 

„ 

M. 

8 

U.8 

.».« 

8R6 

m.i. 

M.I  1  62.8  1  60.8  i  67.0  1  49.S  1  4B 

a  b,  Google 


433  Inflobnob  or  Inanition  on  Ubtabolisu. 

eliminatioii  of  water-Tspor  for  ea^  period  on  38  days  of  futing  experiments. 
Tbe  larger  number  of  obeerrationfi  were,  naturally,  on  the  first  and  second 
days.  The  average  excretion  of  water-vapor  for  each  period  on  ttie  different 
days  of  the  fasts  is  given  at  the  foot  of  each  column  and  the  average  excretion 
for  the  period  in  all  the  fasts  is  given  as  a  grand  average  beseaUi  the  colnnin 
for  each  period.  The  results  for  food  experiments  are  also  shown  in  order 
tliat  any  possible  effect  on  this  oatput  of  water-vapor  due  to  the  ingestion  of 
food  may  be  considered. 

The  first  period  of  the  day  from  7  a.  m.  to  9  a.  m.  is  charact«riaed  by  the 
largest  water-vapor  oatpnt,  and  during  this  period  the  finctnations  aa  the  fast 
progresses  are  especially  noticeable.  On  the  second  day  of  fasting  the  bigheet 
average  water-vapor  output  is  noted,  namely,  76.9  grams,  while  on  the  fourth, 
fiftli,  sixth,  and  seventh  days,  the  average  amounts  are  practically  constant. 

I>nring  the  period  from  9  a.  m.  to  11  a.  m.  there  is  a  decrease  of  18  grams 
between  the  average  water-vapor  output  on  the  first  and  second  days  of  fast 
and  the  average  amounts  on  the  sixth  and  seventh  days.  The  decrease  as  the 
fast  progresses  is  quite  regular  after  the  second  day,  although  the  difference 
between  the  second  and  third  days  is  rather  greater  than  that  between  the 
third  and  fourth.  Considering  the  period  from  11  a.  m.  to  1  p.  m.,  it  will 
be  seen  that  the  eliminatioQ  is  slightly  higher  on  the  second  day  than  on  the 
first,  but  that  on  the  third  day  it  is  reduced  by  about  10  grams.  There  is  then 
a  gradual  falling  off  after  tbe  second  day. 

Similar  differences  between  the  first  and  second  days  of  the  fast  are  observed 
with  practically  all  the  remaining  periods  of  tlie  day,  the  most  noticeable 
exceptions  being  the  periods  from  9  to  11  p.  m.  and  11  p.  m.  to  1  a.  m.,  in  whidi 
there  is  an  increase  on  the  second  day  of  about  5  grams.  In  general,  with  all 
the  periods  there  is  a  diminution  of  about  10  grams  between  the  second  and 
third  days  of  fasting. 

The  largest  individual  water-vapor  output  noted  in  any  experiment  is 
that  of  tiie  second  day  of  experiment  No.  82  from  7  a.  m.  to  9  a.  m.,  110.3 
gramfi,  and  the  lowest  is  on  tbe  first  day  of  experiment  No.  71  from  3  a.  m. 
to  6  a.  m.,  33.4  grains.    This  corresponds  to  about  17  grams  per  hour. 

The  average  general  distribution  of  the  water  elimination  throughout  the 
day  as  shown  by  tbe  grand  averages  in  table  Z19  indicates  that  the  greatest 
output  of  water-vapor,  68.4  grams,  occurs  daring  the  period  from  7  to  9  in 
the  morning.  The  lowest  aatpnt  occurs  between  3  a.  m.  and  6  a.  m.,  namely, 
66.6  grams. 

Tbe  excessive  output  during  the  first  period  of  the  day  may  be  explained  in 
two  ways :  first,  the  extra  muscular  effort  attendant  upon  the  work  of  rising 
in  the  morning,  arranging  the  furniture,  weighing  of  subject  and  bedding, 
and  the  general  activity  at  the  banning  of  the  experimental  day;  second, 
the  moisture  condensed  in  the  bed  clothing  over  night  may  be  given  off  during 
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this  particular  period  in  greater  amounts  than  in  any  other  period.  This 
latter  factor  may  likewise  partially  explain  the  tendency  for  the  water  output 
to  be  less  during  the  night,  since  there  may  be  an  accumulation  of  water  in  the 
bedding. 

Excluding  the  period  from  7  a.  m.  to  9  a.  m.,  the  average  amounts  of  water- 
Taper  eliminated  from  the  lungs  and  skin  per  2-hour  peiiod  remain  singularly 
constant,  varying  from  69.5  in  the  period  9  a.  m.  to  11  a.  m.  to  55.6  from  3 
a.  m.  to  5  a.  m.,  a  difference  of  less  than  7  per  cent.  On  the  whole,  the  greatest 
water  elimination  takes  place  during  the  waking  hours  and  the  smallest  during 
sleep. 

In  the  recent  study  of  the  periodic  elimination  of  water-vapor  by  Wolpert 
&  Petera,*"  a  much  greater  variation  in  the  water  vaporized  is  ^own  per  hour 
than  in  the  averages  of  these  experiments.  This,  however,  is  to  be  expected 
since  their  observations  were  confined  to  bnt  three  experiments.  In  their 
experiments  the  attempt  was  made  to  obtain  the  correction  for  the  changes  m 
weight  of  the  clothing  and  bedding  at  the  end  of  each  experimental  period, 
which  was  of  4  hours'  duration.  To  accomplish  this,  the  subject  of  the 
experiment  removed  the  clothes  and  weighed  the  bed,  bedding,  and  clothing  at 
the  end  of  each  period.  While,  theoretically,  this  procedure  is  well  designed 
to  give  accurate  data  regarding  the  water-vapor  output,  practically,  the  extra- 
neous muscular  activi^  of  dressing  and  undressing  and  weighing  the  clothing 
is  an  abnormal  one  in  experiments  in  which  the  water-vapor  output  during  rest 
is  to  be  studied.  Furthermore,  during  the  period  when  the  clothing  is  removed, 
water  is  rapidly  vaporized  from  the  body  as  well  as  from  the  clothing,  and 
hence  there  is  a  vaporization  of  water  much  greater  than  would  normally 
occur  with  the  subject  clothed  and  resting  quietly.  It  is  thus  seen  that  the 
two  series  of  experiments  can  hardly  be  compared,  although  it  may  readily  be 
contended  Hiat  the  results  of  the  experiments  here  reported  represent  more 
nearly  what  would  be  expected  io  be  the  water-vapor  outpnt  of  the  resting  man. 
This  is  espedftlly  true  of  the  first  day  of  fasting.  The  factors  entering  into 
the  later  days  of  fasting  obvionsly  would  affect  the  elimination  of  water-vapor 
to  such  a  degree  that  the  averages  of  all  these  experiments  woold  be  distinctly 
lower  than  what  conld  be  considered  a  normal  for  the  resting  man.  Consider- 
ing only  the  first  day  of  fasting,  the  water-vapor  output  is  still  noticeably 
greater  during  the  first  period  of  the  day  and,  aside  from  this  period,  it  ia 
somewhat  larger  per  hoar  during  the  day  time  tiian  that  during  the  night. 

Recognizing  the  vrell-known  effect  of  activi^  on  the  water-vapor  output,  it 
ia  reasonable  to  suppose  that  in  these  fasting  experiments,  the  lai^  ontpnt 
during  the  first  period  may  in  part  at  least  be  accounted  for  by  the  extraneous 
muscular  effort.  Experiments  for  the  study  of  the  true  water-vapor  ou^ut 
of  resting  man  should  be  so  designed  as  to  insure  regularity  of  muscular 

MAxGlilT  L  Hygiene  (1906),  SS,  p.  299. 
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activity  and  conditioiis  whicb  wotdd  otherwiae  obtain  daring  the  ordinary  rest 
experiment.  The  differences  between  the  output  during  Qie  day  time  and  that 
of  the  night  are,  it  is  true,  not  sufficiently  great  to  warrant  an  assertion  that 
there  ie  a  positive  increase  in  the  water  vaporized  from  the  actuaJ  body  surface 
of  the  man  during  the  day,  but  making  due  allowance  for  the  vaporization  from 
ihe  bed  clotiiing,  which  was  in  these  experiments  weighed  but  once  each  21 
hours,  the  evidence  still  points  towards  a  slightly  greater  elimination  of  water- 
vapor  during  the  day  period.  The  increased  respiration  rate  of  the  day, 
thereby  causing  a  greater  ventilation  of  the  lungs  and  a  greater  vaporization 
of  water,  would  certainly  imply  an  increased  water-vapor  output  during  tbiB 
period. 

Influence  of  the  ingegtion  of  food. — In  the  few  food  experiments  which  are 
here  reported,  the  data  are  also  given  for  the  comparison  of  the  output  of 
water-vapor  during  the  different  periods  of  the  day.  While  the  number  of 
individual  experimental  days  from  which  the  data  are  drawn  ie  less  than 
half  of  those  of  the  fasting  experiments,  the  number  is  sufficient  to  average 
and  give  general  information  regarding  the  distribution  of  the  water-vapor 
output  for  the  day.  The  differences  are  much  less  than  in  the  fasting  experi- 
ments. A  dose  examination  of  the  table  shows  that  the  water  of  respiration 
and  perspiration  on  the  second  and  third  days  of  experiment  No.  70  was 
abnormally  high  in  practically  all  periods.  On  these  two  days  the  subject  was 
evidentl'y  in  a  slightly  febrile  condition  as  an  examination  of  the  body  tempera- 
ture recorded  on  page  314  will  show.  While  the  data  are  too  meager  to  draw 
definite  conclusions,  ttiey  may  indicate  that  slight  increases  in  body  tempera- 
tnre  affect  in  a  marked  degree  the  elimination  of  water-vapor,  and  from  the 
results  upon  these  two  days,  it  would  appear  that  the  greatest  factor,  other 
than  perhaps  excessive  muscular  activity,  in  determining  the  water-vapor 
output  of  resting  man  is  body  temperature.  It  must  be  borne  in  mind,  that  in 
no  instance  in  these  experiments  were  the  quantities  of  food  appreciably  more 
than  enough  for  maintenance.  The  food  was,  generally,  in  the  form  of  milk 
and  similar  products  given  in  small  amounts  and  at  frequent  periods  through- 
out the  day. 

A  comparison  between  the  food  experiments  and  the  fasting  experiments  may 
also  be  made  b;  noting  the  variations  in  the  water-vapor  elimination  in  the 
food  experiment  immediately  following  a  fast.  Thus,  in  comparing  experi- 
ments Nos.  71  and  72,  73  and  74,  and  75  and  76,  such  an  inspection  shows 
that,  although  the  water-vapor  output  is  by  no  means  as  large  on  the  first  day 
with  food  as  on  the  first  day  of  fast,  it  is  in  general  somewhat  greater  than  on 
the  last  day  of  fast  Thue,  on  ttie  seventh  day  of  experiment  No.  76,  the 
water-vapor  output  during  the  period  from  7  a.  m.  to  9  a.  m.  was  55.1  grams 
and  on  the  next  day,  namely,  ^e  first  day  of  experiment  No.  76,  the  output 
was  67.3  grams.     On  the  sevenJJi  day  of  fasting  for  the  second  period  it  was 
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44.3  grams,  and  for  the  same  period  on  the  first  day  in  experiment  No,  76  it 
T«B  60.1  grama.  A  rimilar  comparison  holds  for  practically  all  the  perioda 
of  the  experiment,  so  that  there  is  a  slight  positiTe  incnreaae  in  Hie  elimination 
of  water-vapor  accompanying  the  ingestion  of  these  small  amounts  of  food. 
This  may  well  be  ascribed  to  the  slight  additional  internal  muscnlar  activity 
called  for  on  the  ingestion  of  food.**  A  portion  of  the  increase  may  also  result 
from  the  rise  in  the  respiration  rate  and  the  increased  muscular  activity  as  a 
whole  indicated  by  tiie  change  in  pulse  rate. 

Proportiona  of  water-vapor  eliminated  from  the  lungs  and  akin. — The  two 
chief  opportnuities  for  the  vaporization  of  water  are  from  the  lungs  and  from 
the  skin.  Air  taken  into  the  lungs  containing  a  varying  amount  of  water- 
vapor  is  expelled  saturated  with  water-vapor  at  the  temperature  of  the  body. 
The  volume  of  air  thus  taken  into  the  lungs  and  its  relative  humidity  thus 
determines  the  total  amount  of  water-vapor  leaving  the  body  in  the  expired 
air.  The  evaporation  of  water  from  the  akin  is  not  so  directly  measurable, 
since  the  quantity  thus  vaporized  may  shovr  wide  variations.  The  air  in  con- 
tact with  the  skin  is  certainly  not  saturated  with  vrater-vapor  at  the  external 
temperature  of  the  body.  Furthermore,  the  clothing  and  the  interlying  air- 
spaces produce,  80  to  speak,  an  artificial  atmospheric  environm^it.  These 
air-spaces  may  contain  widely  varying  amounts  of  water-vapor  according  to 
the  thickness  of  the  layer  of  air,  the  movements  of  the  subject  and  the  tempera- 
ture of  the  air  as  well  as  the  external  temperature  of  the  body.  Many  attempts 
have  been  made  to  measure  directly  the  water-vapor  expelled  from  the  lungs. 
Such  measurements,  save  for  experiments  of  short  duration,  are  impracticable. 

The  data  obtained  in  the  Middletown  experiments  give  the  total  water  of 
respiration  and  perspiration  for  each  2-hour  period  and  for  the  day.  By  an 
indirect  method  of  calculation,  it  is  possible  to  apportion  these  amounts  in 
such  a  manner  as  to  estimate  the  amount  exhaled  from  the  lungs  and  thus 
show  how  the  vaporization  of  water  is  divided  between  the  lungs  and  skin. 
With  this  form  of  respiration  apparatus,  no  direct  measure  of  the  actual  venti- 
lation of  the  lungs  is  at  hand.  Since,  however,  the  amount  of  oxygen  absorbed 
is  accurately  determined,  it  is  possible  to  form  a  reasonably  accurate  estimate 
of  the  total  ventilation  of  the  lungs  from  the  knowledge  of  the  oxygen  con- 
sumption. Zuntz"*  and  his  associates  have  found  in  a  brilliant  series  of 
experiments  that  for  every  cubic  centimeter  of  oxygen  consumed  by  a  man  at 
rest,  21  cc.  of  air  are  inspired.  Using  this  ratio,  therefore,  it  is  possible  to 
compute  the  total  ventilation  of  the  lungs  by  multiplying  the  total  oxygen 
consumption  by  21. 

"*The  marked  dlBerence  In  mnscular  activity  )u  experimentB  Nob.  6ft  and  TO 
Axplalns  the  one  axceptlon  to  the  above  comparlBona. 

**  HKhenkllma  nnd  BwKwanderungen  In  Ihrer  Wlrkung  auf  d«n  Menachen,  N. 
Zuntz,  A.  Loewy,  Franz  Mflller,  W.  CaBparl  (1S06),  Berlin,  p.  380. 
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From  the  data  recording  the  water  determiiiaticats  of  the  air  residiul  in  the 
duunber  and  the  tempeiatare  of  the  air,  the  Telative  hnmidi^  ia  obtained 
and  it  ia  ilierefore  poBsible  to  compote  ihe  total  amonnt  of  water-Tapor  in  the 
air  taken  into  the  Itmga.  AflBnming  that  the  air  leaves  the  longs  satorsted 
with  water-vapor  at  the  body  temperatnre  of  37°,  the  total  amount  of  vapor 
in  the  expired  air  may  Qma  be  computed.  DednctiDg  the  amoimt  in  the  air 
inspired  from  that  in  the  air  expired,  the  water-vapor  taken  np  by  tlie  air  as  it 
passes  through  the  lunge  is  readily  obtained. 

The  data  are  presented  in  table  ZZO  herewith,  in  which  the  first  oolnmn 
shows  the  total  ventilation  of  the  lungs,  the  second,  the  water  in  the  inspired 
air,  ttie  third,  tiie  water  in  expired  air,  and  the  fourth  the  water  eliminated 
from  the  longs.  If  this  last  amount  be  deducted  from  the  total  water  of 
respiration  and  perspiration,  the  water  eliminated  from  the  skin  is  obtained. 
This  is  recorded  in  column  e.  In  the  last  two  columns  of  the  table  the  pro- 
portions of  total  water  vaporized  from  the  lungs  and  from  the  skin  are  given. 

It  will  be  seen  that  tliis  method  of  computation  involves  two  assumptions — 
first,  tliat  the  total  ventilation  of  the  lungs  is  SI  times  the  volume  of  oxygen 
absorbed,  and  second,  that  the  air  leaving  the  lungs  is  saturated  with  water- 
rapor.  Begarding  the  first  of  these  assomptions,  it  is  probably  true  that  with 
certain  individuals  this  factor  may  be  wrong,  but  it  is  highly  probable  that  in 
the  large  number  of  experiments  here  averaged  the  factor  is  reasonably  correct 
Begarding  the  second  factor  Bobner  *"  has  shown  that  witti  forced  respiration 
doring  moscolar  work,  the  air  leaving  the  mouth  and  nose  may  not  be  satu- 
rated witli  water-vapor  at  the  temperature  of  the  body.  Becently  Lesage™ 
has,  by  means  of  a  respiratory  hygrometer,  computed  the  water>content  of 
tiie  expired  air  from  the  dew  point  obtained  by  means  of  his  apparatus.  With 
ordinary  respiration  the  tension  of  the  water-vapor  is  found  to  be  36.9  mm. 
Since  tJie  expired  air  has  a  temperature  of  36.5",  corresponding  to  a  ^r^nT^Tnnln 
tension  of  43.1  mm.,  the  author  contends  that  the  air  is  not  saturated  wltii 
water-vapor.  While,  therefore,  this  second  assumption  may  be  erroneous,  for 
the  want  of  more  accurate  data,  it  seems  undesirable  to  make  any  correction  for 
these  values.  If  Lesage  is  correct,  the  result  will  be  to  lower  the  estimated 
amounts  of  water-vapor  eliminated  from  the  lungs. 

The  amount  of  water-vapor  eliminated  from  the  lungs  is  in  most  instances 
somewhat  lees  than  that  from  the  skin.  In  some  experiments,  notably  in 
experim^t  No.  80,  it  is  but  30  per  cent  of  On  total  water  elimination,  while 
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While  with  food  experiment  No.  70,  the  proportion  of  water  eliminated  frcoD 
the  lungs  is  somewhat  leee  than  daring  fasting,  with  ezperimentB  Xob.  7Z,  74, 
and  76,  veiy  little,  if  any,  difference  ia  noted.  On  the  average,  about  44  per 
cent  of  the  water  vaporized  from  the  body  of  a  resting  man  dnring  fasting  is 
from  the  longs. 

Table  220.— ProportUm  of  total  KOtar  of  retpirotion  and  pertfiration  slimlnatetf 
from  the  Wmift  and  iJein,  retpectively,  in  metoMJlMi  esterimentt  toith  and 
icUhout  food. 


Subjeat  kod  date. 


Hkr. 
Uar. 
Har. 
Mftr. 
Har. 


18-19,  IMS.. 
ie-30,  1908.. 
aO-21,1908...... 

ST-aS,  190<.... 
iJB-^,  1904.... 

16-17,1904,.,. 
17-18,  1904.... 
18-19,1904.... 
lB-30,  1904.... 

'2fr-31,  1904.... 

21-38,  1904 

S2-3B,  1904 

7-  B,  1905 

8-  9,  1909. . . . 
9-10,  1905 

10-11,  1905 

U-ia,  1906. . . . 

'38-39,1905.... 
89-SO,  1906.... 

SO-81,  1906 

81-T«b.  1,  1906 
1-  3,  1906 

3-  8,1905.,.. 
8-  4,1906.... 

4-  S,  1906 

4-  6,  1906.,.. 
6-  6,  1906..,. 

6-  7,  1906   . . . 

7-  8,  1906 

8-  9,  1906. . . . 
9-10,  1906.... 

10-11,  1905 


403.18 
403.06 
413.88 


878.  as 

413.01 
S96.7B 
B64.14 

897.M 

498.B7 
468.SB 


WaWr  Watec 
ellinl-  elimi- 
DBted  natad 

lUDSB  ^In 
(«-T).  kf-d). 


,  Omi.  i  G 

S37.8a6S4.44   983.83 
SS1.7INe30.20   961. 
843.07fl01.08  948.16 


364.07 
848.7S 

3i4.se 

880.36 

947.78 
860.07 
840.69 
831.16 
810.31 

837.36 
813.66 
816.31 

840.94 

841.87 
843.39 
831.94 

818.78 


3B7.7 
398.00 


I7.1M4S1.1 

l8.8as«9.4B|  898.E 

I0.94k78.99  794.1 

18.0S|409.»»  737.( 

I7.8l!618.0«  840.1 
17.76666.0311003.'; 
'6.17  688. 90:i069.( 


136.11  744.841 
363.30  666.19: 
369.35'  567.66 
340.98  617.66! 

36S.38  S44.B4 

886.18  684.33 
339.81  686.06 
S08.17  603.81 
984.66!  669.17 
967.34'  S4S.84| 


376.68 

388.61 

39B.04 
806.74 
399.14 

3B4.51 
976.10 

s.sa 


396.88 

377. 361350.86 
379.881346.66 

397.66863.56 

839.68 
303.flBS66.1B 
296.85  390.78 
381. 10398.19 

373.76 
268.62  374.88 


584.88, 
637. 61 1 
634.88 

66O.I1I 
643.09 
667.84 
696.18 
579.39 
541.90 
643.86, 


PmportiOD 
of  water 
eliminated. 

a- 

fifS 

F.et. 
66.6 

84.8 

66.3 

86.3 

68.7 

44.8 

65.7 

49.6 

66.4 

41.6 

68.4 

86.6 

68.4 

40.4 

59.6 

48.7 

66.8 

88.9 

61.1 

84.7 

66.8 

86.4 

64.6 

41.8 

68.4 

63.6 

47.4 

68.4 

46.6 

58.0 

47.0 

48.6 

66.4 

48.3 

61.8 

49.7 

50.8 

60.0 

60.0 

60.8 

49.3 

49.8 

60.7 

63.6 

47.6 

68.3 

46,8 

46.8 

64.3 

47.1 

63.9 

4B.0 

64.0 

49.7 

50.8 

48.5 

61.6 

49.7 

50.8 

49.6 

50.5 

Dioiiizeab,  Google 


8  Imfluemob  of  Inanition  on  Mvtabolisk. 

xu  220. — Proportion  of  total  water  of  retpiratUm  and  pertptratlon  eUmfnated 
from  the  litngt  and  $Mn,  retpectively,  in  metabolitm  expcrioienf*  with  attd 
wUlwiH  /ood.— Continued. 


Babjeot  ftnd  date. 


Total  ' 
TaDtl- ,, 
ImtloD"' 
of  , 
luDga.  ■ 


(J^.  C 


?^.   . 


8.  A.  B.T 

Mar.  11-18, 190S. 

Mar.  I9-1S,  1M5. 

Mar.lS-ll,  IVOS. 
B.  A.  B.: 

Apr.    8-  9,  1005 

Apr.    9-10,  1908. 

Apr  10-11,  190S. 

Apr.  11-13,  I90S. 
B.  E.  S.: 

Oct  lS-14,  1900. 

Oct.  14-lS,  190S. 

Oct.  n-38,  1906. 
Oct  SS-39,  1906. 

NOT.SI-M,  1906. 
Not.  83-38,  190S. 

Not.  24-36, 1908. 

Hot.  35-30,  1906. 
H.  R.  D.: 

Deo.    S-  t,  tU08 

Dec.  0-  ?,  1906. 
N.  M.  P.: 

Dee.    9-10,  1905. 

Dee.  10-11,  1906. 
D.  W.: 

Jan.  10-11,  lOOe. 

Jan.  11-13,  1906. 


30.13  8 
88. B8  8 
88.93  8 

4  43.07 
12  44. 19 

3  40.34 

4  SB.70 


SOS.  19 
889.1 
389.04 


331.00 
398. 77 
399.94 


357.00 
310.73 
818.7S 
390.62 


am*.  

)  610.81  46.8 

i   689.80  49.3 

ij  611.89  47.4 

009.61  40,7 
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CARBON   DIOXIDE  ELIMINATION. 

Carbon  dioxide  is  the  end  product  of  oxJdatioii  of  all  carbonaceoaB  material, 
aside  from  those  fragments  of  the  proteid  molecule  that  are  excreted  in  the 
nrine.  A  measure  of  the  carbon  dioxide  production  furnishes,  therefore,  an 
estimate  of  total  katabolism  that  has  been  of  great  value. 

From  the  earliest  experiments  of  laToiaier,"*  Davy,"*  and  Allen  &  Pepys," 
the  importance  of  carbon  dioxide  in  the  re^iratory  gases  has  been  emphasized. 

■"Hdmolres  de  I'AcadOmie  dee  Sciences,  Parle,  1789.  CEuTres  de  Lavoisier,  2,  p. 
696.  Cited  by  R.  Tlgeretedt,  Die  Phrelologle  dea  StolTvectaselB,  Nagels  Handbnch 
der  Fbyeiotogle  dee  Menacben  (1906),  p.  337. 

"•  •■  Heeearcliaa,"  p.  481. 

■" Philoeopbical  TransactloiiB  (1S08),  p.  260. 
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The  macGuracies  in  the  determinatioii  of  the  wat«r  of  respiratioii  and  perspi- 
ration  and  in  the  method  for  determining  the  total  nitrogen  of  the  urine  and 
tiie  deficiency  in  the  measurements  of  oxygen  and  heat  production  in  the 
majority  of  the  earlier  experiments,  are  in  part  at  least  compensated  by 
reasonahly  accurate  determinations  of  carbon  dioxide.  The  comparison,  there- 
fore, of  the  results  ohtained  by  different  iuTestigators  of  the  carbon  dioxide 
production  of  fasting  men  is  very  much  more  satisfactory  than  that  of  any 
factor  thus  far  considered  in  this  report. 

The  quantitative  experiments  of  Scharling,***  Andral  &  Oavarret,"'  Brunner 
ft  Valentin"*  gave  us  at  an  early  date  much  information  regarding  the  carbon 
dioxide  output  of  difFerent  individuals  for  short  periods,  and  the  rapid  advance- 
ment in  the  technique  of  studying  the  respiratory  gases,  which  followed  npaa 
the  enocessful  experiments  of  Speck,"  Zuntz  ft  Qeppert,*"  Chauveau  ft  Tissot,** 
and  more  recently  Magnus-Levy,"  Loewy,*"  and  Durig,*"  leaves  but  little  to 
be  considered  r^arding  tiie  carbon  dioxide  elimination  under  normal  condi- 
tions, 80  far  as  shori;  periods  are  concerned. 

Many  of  these  experimenters  recognized  the  importance  of  determining  the 
carbon  dioxide  output  during  inanition,  and  indeed  in  the  large  number  of 
experiments  on  the  effect  of  muscular  work  on  metabolism,  the  "  base  line " 
may  be  said  to  be  the  value  for  carbon  dioxide  production  after  a  short  fast. 
Id  the  very  large  majority  of  these  experiments,  the  elimination  of  this  gas  was 
determined  for  only  short  periods,  rarely  an  hour,  and  the  length  of  ^e  fast 
was  seldom  over  IS  honrs.  While  these  resnlto  have  a  definite  value  for  the 
specific  purpose  for  which  the  experiments  were  conducted,  they  are  much  less 
valuable  as  an  indication  of  the  carbon  production  of  fasting  man  during  24 
boors. 

The  Zuntz-Qeppert  apparatus  has  been  used  for  a  number  of  observations 
on  fasting  man  during  short  respiration  experiments.  Zuntz  (7)  and  asso- 
ciates, in  whose  hands  the  method  baa  reached  the  greatest  degree  of  perfection, 
made  a  number  of  observations  on  the  two  fasting  men,  Cetti  and  Breithaupt 
These  observations  were  confined  to  short  periods,  10  to  20  minatee,  of  each 
fasting  day.  The  subjects  were  lying  on  a  sofa  and  accordingly  the  carbon 
dioxide  ontpnt  represente  the  elimination  during  complete  rest.     In  certain 

"Ann.  der  Cbem.  und  Pbarm.  (1843),  45,  p.  214. 

"'Ann.  de  Chlm.  et  de  Phye.  (1843),  Ser.  3,  8,  p.  129. 

"*  MedlclnlBCbe  VlerteUabreecbrltt  Archlv  f.  pbyBlol.  Hellk.  von  Roser  und 
Wunderllcb  (1S43),  2,  p.  373.     Abstracted  In  Pbarm.  Centrbl.  (1843).  14,  p.  765. 

"*  Sclirlften  zur  Befdrdemng:  der  geeammten  Naturwissenscbalten  zur  Marburg 
(1871),  10. 

"•Archlv  f.  d.  ges.  Pbyetol.  (1888),  42,  p.  189. 

■"CompteB  rendns  (189ft),  ISO,  p.  Z4S. 

•"Loc  clt 

•"  Arcblr  f.  d.  ges.  Pbyelologle  (1SS8),  42,  p.  268. 

••Loo.  dt 
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of  the  ezperimente  with  Breithanpt,  obeerrations  were  likewise  made  during 
work.  From  ttie  data  obtained  during  these  abort  ezperimentB,  ilie  authors 
computed  the  total  carbon  dioxide  output  of  theae  fasting  men. 

The  daily  total  elimination  for  the  10  da^  of  Getti's  fast  was  estimated  to 
be  567,  601,  482,  478,  470,  467,  802,  626,  489,  and  449  grama,  regpecUvely. 
A  cold  on  the  second  day  and  intestinal  irritation  on  tha  third  and  fourth  days 
of  Breithaupfe  fast  so  invalidated  the  results  for  the  short  periods  tiiat  the 
authors  did  not  attempt  to  compute  tha  24-hour  output  from  the  data  obtained. 
In  a  subsequent  discuaaion  of  results,  the  authors  recognized  the  fact  that  the 
obserrations  were  made  during  a  period  when  bodily  activity  was  at  a  minimum, 
and  consequently  the  reaulta  obtained  by  computation  were  arbitrarily  increased 
by  one-fifth,  in  an  attempt  to  approximate  the  probable  increase  of  carbon 
dioxide  during  periods  of  ordinary  muscular  activity.  The  carbon  dioxide 
production  thus  measured  was  the  basis  of  the  calculations  for  water  of  respira- 
tion and  perspiration. 

Hanriot  &  Bichet,"  with  a  difFerent  form  of  respiration  apparatus,  deter- 
mined the  carbon  dioxide  output  of  a  man  weighing  60  kilograms  who  fasted 
for  46  hours.  The  amounts  liberated  per  ho^  were  16.3,  14.16,  14.30,  and 
14.35  liters  after  the  seventeenth,  twenty-fourth,  twenty-ninth,  end  forty-sixth 
hours  of  the  fast.  The  authors  did  not  compute  the  output  per  24  hours  from 
these  short  experiments,  but  concluded  from  the  results  obtained  that  at  the  end 
of  a  few  hours  of  complete  fasting,  the  respiratory  exchange  becomes  constant. 

Luciani  (4)  attempted  during  the  Florence  fast  to  determine  the  carbon  di- 
oxide elimination  of  Succi.  The  experimente  were  all  of  short  duration  and 
the  method  and  results  have  been  criticised  by  Zuntz  (7).  According  to  Luci- 
ani'fl  results  the  total  output  of  carbon  dioxide  on  the  day  before  the  fast  was 
479  grams  and  on  the  tenth,  twentieth,  and  twenty-ninth  fasting  days  435, 
406,  and  387  grams,  respectively. 

Experiments  in  which  the  carbon  dioxide  production  of  fasting  men  was 
determined  during  the  major  part  of  the  24  hours  were  first  made  by  Ranke."* 
Banke  made  3  fasting  experiments  on  himself,  in  the  Fettenkofer  respiration 
apparatus,  and  as  has  been  pointed  out  before,  these  were  the  first  experiments 
made  with  this  historic  apparatus.  The  length  of  the  periods  was  24  hours. 
One  experiment,  at  least,  represented  the  second  day  of  fasting,  since  the 
subject  had  already  fasted  24  hours.  In  reporting  the  results,  the  author 
states  tiiat  he  found  after  the  experiments  were  made  that  the  apparatus  gave 
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The  next  series  of  experiments  on  the  total  carbon  dioxide  ontpat  of  fasting 
men  was  made  by  Fettenkofer  &  Voii."*  In  two  24-hoar  experiments  when 
the  man  w^  at  rest,  the  elimination  of  carbon  dioxide  as  measured  in  the 
Pettenkofer  apparatns  was  738  and  729  grams  for  84  honre.  During  a  third 
S4-hotir  fasting  experiment  the  subject  performed  considerable  mnscnlai  work 
and  tiie  carbon  dioxide  production  increased  to  1187.6  grama. 

SadoTjen  (8),  with  the  Fashntin  respiration  apparatns,  measured  the  carbon 
dioxide  elimination  of  a  fasting  man  in  two  experiments,  one  of  2  days  and 
the  other  4  days.  In  this  series  of  experiments,  the  subject  did  not  remain  in 
the  chamber  during  the  entire  24  hours,  the  experimental  periods  being  gener- 
ally of  9  to  10  hours'  duration.  No  water  was  consumed  during  the  first 
experiment.  The  total  carbon  dioxide  production  for  the  3  days  was  755  and 
746  grams,  respectiTely,  and  for  the  4  days  of  the  second  experiment  the 
amounts,  computed  on  the  basis  of  84  hours,  were  810,  796,  620,  and  613 
grams,  respectively. 

la  studying  the  production  of  heat  of  a  healthy  man  in  a  condition  of  com- 
parative rest,  liikhacher  *"  included  a  study  of  the  carbon  dioxide  output  of 
man  during  inanition.  The  subject  remained  inside  the  Paahutin  respiration 
apparatus  for  over  24  hours  and  the  records  for  the  day  were  therefore 
unbroken.  The  amoont  of  carbon  dioxide  produced  during  this  experimental 
day  was  596  grams  or  10.7  grams  per  kilo  of  body  weight. 

The  carbon  dioxide  production  of  the  fasting  subject  J.  A.  (8)  was 
determined  by  means  of  the  Tigerstedt  respiration  apparatus.  As  in  the 
experiments  of  Sadovyen,  the  subject  did  not  remain  within  the  chamber  con- 
tinuously, but  spent  about  two  hours  each  day  outside.  Computed  on  the 
basis  of  24  hours,  the  carbon  dioxide  elimination  measnred  by  the  apparatus 
was  on  the  5  days  691,  668,  632,  621,  and  608  grams,  respectively. 

The  fasting  experiments  made  in  this  laboratory  and  previously  reported  ** 
included  determinations  of  the  carbon  dioxide.  During  experiments  Nos.  36, 
39,  and  42,  each  of  24  hours'  duration,  the  production  was  711,  649,  and  620 
grams,  respectively.  The  amounts  eliminated  for  the  2  days  of  experiment 
No.  61  were  703  and  698  grams,  ree^wctively. 

Since  the  production  of  carbon  dioxide  and  the  metabolic  activity  are,  in 
general,  largely  proportional  to  the  body-weight,  these  older  experiments  may 
perhaps  be  better  compared  by  noting  the  amounts  of  carbon  dioxide  per  kilo- 
gram of  body-weight  and  per  square  meter  of  body  surface.  The  total  carbon 
dioxide  production  for  the  older  experiments  is  given  in  table  221,  tc^tber  with 
the  amoimts  per  kilo  of  body-weight  and  per  square  meter  of  body  surface. 
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Although  there  vera  wide  variationB  in  body-weight  of  the  eubjects  of  the 
experiments  shown  in  this  table,  the  amount  of  carbon  dioxide  per  kilo  of 
body-weight  eliminated  per  24  hours  ie  not  far  from  9.5  grama,  and  per  square 
meter  of  body  surface  abont  320  grams.  Little  value  can  be  placed  upon  the 
regularity  or  irregularity  of  results  obtained  by  methods  differing  as  widely 
as  these,  but  as  was  pointed  out  above,  in  all  probability  the  determination  of 
carbon  dioxide  was  reasonably  accurate  in  all  the  experimente,  and  the  varia- 
tions  appearing  in  the  different  amounts  are  probably  due  to  muscular  activity 
more  than  to  anv  other  factor.     Indeed,  when  reduced  to  oer  kilo  of  bodv- 
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In  all  the  faatJng  experiments  recently  made  in  the  laboratory  of  Weelejan 
nniverBity  and  bere  reported,  the  carbon  dioxide  was  determined  not  only  for 
the  34  hotua  but  for  each  Z-  oi  3-honr  period  thronghout  the  experiments. 
The  details  of  the  determinations  for  the  shorter  periods  are  given  in  con- 
nection  with  the  statistical  tables  in  the  preceding  section.  The  total  quan- 
tities of  carbon  dioxide  eliminated  per  day  are  shown  in  table  322. 

Table  222. — Carbon  diouMe  eliminaiea  in  metaboUtm  experimentM  witftout  food. 
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Considerable  variations  occur  in  the  amounts  of  carbon  dioxide  produced  on 
the  different  tasting  days  of  Uiese  experiments.  As  the  fast  progresses,  the 
amounts  eliminated  generally  become  less  and  less.  The  total  amounts  for  the 
first  day  of  fasting  varied  from  536  grams  in  experiment  No.  81  to  741  grams 
in  experiment  No.  82,  the  average  on  the  first  day  for  the  14  experiments  being 
643  grama.  On  the  second  day  the  fiuctoations  are  even  greater,  the  smallest 
amount  (524  grams)  being  measured  in  experiment  No.  81,  the  largest,  in 
experiment  No.  82  (76?  grams).  The  average  for  the  second  day  in  the  14 
experiments  is  631  grams.  The  much  smaller  number  of  experiments  which 
continued  3  days  affects  in  marked  degree  the  average  for  the  third  day,  which 
diminishes  to  681  grams.  The  variations  range  from  542  to  660  grams.  The 
variations  on  the  fourth  day  range  from  508  to  613,  the  average  being  543 
grams.  The  carbon  dioxide  production  in  experiments  Nos.  73  and  75  was 
nearly  identical  on  the  fifth  day.  The  average,  489  grams,  iB  somewhat  higher 
than  the  amounts  excreted  on  the  sixth  and  seventh  days  of  experiment  No.  75. 

If  the  longer  experimenl8  with  S.  A.  B.  be  examined  more  Bpecifically,  it 
will  be  found  that  the  carbon  dioxide  elimination  decreased  regularly  in  all 
cases  as  the  fast  progressed. 
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There  are  two  causes  for  the  Taristione  io  the  output  of  carbon  cl»aids  on 
the  diSereut  days  of  the  experimentB :  first,  differences  in  the  body-weights 
of  the  aabjects,  and  second,  variationB  in  their  muscular  activity.  It  is 
customarj,  in  comparing  experiments  of  this  nature,  to  compute  tiie  carbon 
dioxide  production  per  kilo  of  body-weight  or  per  square  meter  of  body  sur- 
face. Since  these  values  are  given  separate  treatment  later  in  the  report,  tjie 
table  showing  the  computation  is  reserved  for  that  discussion,  attempt  there 
being  made  to  reduce  the  carbon  dioxide  output  not  only  to  ooastaot  body- 
weight  and  body  surface,  but  also  during  periods  of  approximately  constant 
bodily  activi^,  namely,  during  tiie  period  of  sleep  at  night. 

BELA.TIOH  OF  OAKBON  IK  XTBIKB  TO  TOTAL  0A8B0K. 

Carbon  is  excreted  from  the  body  in  two  forms — carbon  dioxide  of  Qtt 
respiratory  gases  and  the  carbon  of  organic  matter  of  the  urine.  To  tiieae 
should  be  added,  in  experimentB  in  which  food  is  taken,  the  carbon  excreted  in 
the  feces,  but  as  explained  elsewhere  (see  p.  120)  the  feces  are  not  considered 
in  the  fasting  experiments.  For  computing  the  losses  of  body  material  during 
fasting,  the  amount  of  carbon  in  the  urine  is  of  importance,  and  hence  the 
amounts  for  these  experiments  have  been  computed  and  recorded  in  table  3S3. 

The  proportion  of  total  carbon  excreted  in  the  urine  is  of  interest,  since  in 
many  of  the  earlier  experiments,  the  actual  amounts  of  the  carbon  in  the  urine 
have  not  been  determined,  the  aasomption  being  made  that  the  carbon  excreted 
in  tbia  manner  is  but  a  small  proportion  of  the  totoL  The  per  cent  of  total 
carbon  in  the  urine  is  given  in  the  last  column  of  the  table. 

The  total  carbon  elimination  varies  practically  with  Qie  carbon  dioxide 
production.  The  smallest  excretion  found  during  any  fasting  day  is  on  the 
fifth  day  of  experiment  No.  73,  139.4  grams;  the  largest  recorded  amount  is 
on  the  second  day  of  experiment  No.  83,  2S0.0  grams.  The  average  daily 
amount  for  all  experiments  is  174.3  grams. 

As  was  pointed  out  in  a  discussion  of  the  quantities  of  carbon  in  the  urine, 
there  are  wide  variations  in  the  amounts  from  day  to  day,  the  largest  elimina- 
tion occurring  as  a  rule,  in  the  later  days  of  the  fast.  This  is  especially  notice^ 
able  in  the  case  of  experiment  No.  77,  where  as  high  ae  14.6  grams  of  carbon 
appeared  in  the  urine  on  a  single  day.  An  examination  of  the  table  shows  that 
the  carbon  of  the  urine  tends  to  increase  as  the  fast  progresses,  while  the  total 
carbon  frequently  decreases.    Hence,  the  proportion  of  total  carbon  which 
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Babjeot  and  date. 


B.F.D.,  1908: 

D«e.lS-10 
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The  errors  inToIred  in  the  determinatioii  of  carbon  in  the  orine  have  been 
digcnssed  previonaly,  and  even  if  a  gross  error  of  6  per  cent  be  aasamed,  the 
effect  on  the  total  carbon  excretion  is  seen  to  be  extremely  small,  and  hence 
it  IB  obvious  that  considerable  errors  in  the  determination  of  the  carbon  in 
the  urine  are  practically  without  effect  on  the  total  carbon  elimination  in  ordi- 
nary metabolism  ezperimeuta. 

Carbon  in  the  nrine,  feces,  and  respiratory  products  was  determined  in  the 
&-day  fasting  experiment  with  J.  A.  (9).  There  were  found  8.0,  8.3,  9.9, 
10.3,  and  9.3  grams  of  carbon  in  the  urine,  while  the  corresponding  amounts 
of  carbon  in  the  respiration  were  188.5,  179.4,  172.2,  169.4,  and  166.8  grama. 
Computed  on  the  basis  of  the  total  carbon  elimination,  the  percentages  of 
carbon  in  the  urine  for  the  5  days  were  4.1,  4.5,  6.4,  5.7,  and  5.3,  respectively. 

The  general  conclusion  can,  therefore,  be  made  that  with  fasting  man  at 
rest,  the  carbon  of  the  urine  is  abont  5  per  cent  of  the  total  carbon  excretion. 

OXYGEN   CONSUMPTION. 

Since  the  classic  experiments  of  Lavoisier  showing  the  relation  between 
oxygen  consnmption  and  vital  processes,  the  direct  measurement  of  oxygen  in 
the  respiratory  gases  has  not  been  attempted,  save  in  one  or  two  cases. 
Although  as  Lusk  "  points  out  there  is  no  record  of  Uie  method  employed  by 
Lavoisier  in  obtaining  his  results,  it  is  remarkable  how  closely  bis  statements 
of  the  quantities  of  oxygen  consumed  by  resting  mac  agree  with  the  measure- 
ments by  modem  methods. 

In  the  earlier  experiments  with  the  Pettenkofer  respiration  apparatus,  in 
which  the  attempt  was  made  to  determine  accurately  the  water  vaporized, 
estimations  of  the  amount  of  oxygen  were  attempted  by  computations  based  on 
the  gains  or  losses  of  body  wdght,  carbon  dioxide  excretion,  and  water-vapor 
elimination.  When  the  errors  involved  in  the  determination  of  water-vapor 
are  taken  into  consideration,  it  is  seen  that  whatever  approach  to  accuracy  the 
oxygen  estimations  appear  to  have,  it  must  have  been  the  resultant  of  a  num- 
ber of  more  or  less  compensating  errors. 

An  attempt  was  made  in  the  more  accurate  experiments  of  Sadovyen  (8), 
in  which  tiie  amounts  of  carbon  dioxide  and  water-vapor  were  determined  for  a 
great  part  of  each  day,  to  measure  by  the  indirect  method  the  amonnt  of 
oxygen  consumed.  On  the  2  days  of  the  fasting  experiment  with  man  in 
which  no  water  was  consumed,  the  oxygen  intake  was  estimated  to  be  1081 
and  1010  grama,  respectively.  The  oxygen  consomptioQ  during  the  4-day 
experiment,  in  which  water  but  no  food  was  taken,  was  estimated  to  be  746, 
931,  698,  and  943  grams  for  the  different  days. 

Similarly  Likhachev  "*  estimated  indirectly  the  amount  of  oxygen  consumed 
during  a  1-day  fast  to  be  596  grams,  or  11.9  grams  per  kilo  of  body-weight. 
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With  the  development  of  the  type  of  reepiratory  apparatus  brought  to  ench 
signal  Buccees  by  Zuntz  and  asaociateB,  innomerable  experiments  have  been 
made  in  which  the  respiratory  quotient  has  been  determined  during  brief  fasts. 
It  is  true  of  the  oxygen  as  of  the  carbon  dioxide,  that  the  determinations  of 
ibe  fasting  values  are  of  importance  in  the  interpretation  of  the  reepiratory 
quotient  in  the  large  majority  of  experiments.  This  type  of  apparatus  was 
used  in  determining  the  oxygen  intake  of  the  fasting  subjects  Cetti  and 
Breithaupt  (7) .  Although  results  were  obtained  for  but  a  few  minutes  each 
day  and  during  the  respiration  experiment  the  subject  was  lying  on  a  sofa,  the 
authors  computed  the  total  oxygen  consumption  for  the  S4  hours  on  the  basis 
of  these  short  experiments.  The  amounts  of  oxygen  consumed  for  tiie  10 
days  of  Cetti's  fast  were  567,  501,  482,  478,  470,  467,  508,  526,  489,  and  449 
grams,  respectively.  These  values  are  obtained  by  multiplying  the  quantity 
of  oxygen  absorbed  per  minute  during  rest  by  tiie  total  number  of  minutes  in 
the  day  and  no  allowance  is  made  for  the  variations  in  muscular  acting,  eo 
that  the  values  can  at  best  be  only  approximate.  In  the  experiments  on 
Breithaupt,  tiie  complications  of  a  cold  and  other  disturbances  were  so  notice- 
able that  the  authors  did  not  consider  the  computed  results  for  the  24  hours  as 
of  general  value. 

Hanriot  &  Richet,*"  using  a  different  form  of  respiration  apparatus,  deter- 
mined the  oxygen  consumption  of  a  fasting  man  after  46  hours  of  fasting. 
The  amounts  consumed  per  hour  after  the  seventeenth,  twenty-fourth,  twenty- 
ninth,  and  forty-sixth  hours  of  the  fast  were  17.04,  16.85,  16.05,  and  16.90 
liters,  respectively.  The  subject  of  the  experiment  weighed  50  kilograms. 
These  observations  were  likewise  made  only  during  short  periods. 

The  first  direct  determinations  of  oxygen  consumed  by  man  during  34  hours 
are  those  made  with  the  Hoppe-Seyler '"  modification  of  the  Begnault  and 
Heiset  apparatus,  although  none  of  the  experiments  reported  as  made  in  this 
apparatus  were  fasting  experiments. 

Zuntz  has  recently  devised  an  apparatus  on  the  Begnault  and  Beiset  plan 
that  can  be  used  for  small  animals  or  infants."*  No  experiments  with  infants 
have,  however,  as  yet  been  reported. 

Direct  determinations  of  the  amount  of  oxygen  consumed  by  man  have 
been  made  in  a  number  of  experiments  in  this  laboratory  during  the  past  3 
years.  A  brief  preliminary  report  of  one  of  these  experiment*  ™  has  been 
followed  by  a  more  detailed  discussion  of  one  day  of  an  experiment  with  this 

■"Cotnpt  rend,  de  rAcad6mfe  dee  Sciences  (188S),  106,  p.  496. 

"Zelt.  t.  pbreiol.  Cbemle  (1894),  19,  p.  G74. 

■"Archiv  t  Physiol.  (Physiol.  Abth.  d.  Arcblv  (.  Anat  u.  Phyalol.)  (1905), 
Supplement,  Band,  p.  431. 

*"  A  rmplratlon  calorimeter  with  appliances  for  the  direct  determination  of  oxy- 
gen, 24  pages.  Wesleyan  Unlveralty,  Hlddletown,  Connecticut  Printed,  not  puh- 
llBhed,  Aug.,  1903,  W.  O.  Atwater  ft  F.  G.  Benedict 
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apparatuB,"*  and  the  reealts  of  a  series  of  experiments  coTering  34  daje  have 
been  recently  published.*" 

So  far  as  ve  aie  aware,  the  first  determinations  of  the  oxygen  consumption 
of  fasting  man  are  reported  herewith.  The  method  hag  been  considered  in 
brief  in  the  introductory  secdon  of  this  report  and  in  detail  elsewhere."  The 
accDTScy  of  these  measurements  has  also  received  special  treatment.  In  brief, 
it  may  be  said  that  for  experiments  of  24  hours  or  longer  the  results  are 
extremely  satisfactory.  For  S-hour  periods  the  oxygen  determinatioiis  are 
satisfactory  only  when  there  is  like  moscular  activity  at  the  beginning  and 
end  of  the  period,  since  constancy  in  tiie  average  temperature  of  the  air 
residual  in  the  chamber  is  of  the  ntmost  importance  in  securing  accurate  oxygen 
measurements." 

The  detailed  data  regarding  oxygen  daring  the  3-honr  periods  of  the  fasting 
experiments  are  given  in  the  statistical  data  in  the  preceding  section.  The 
total  amounts  of  oxygen  consumed  during  each  24  hours  are  shown  in  the 
following  table: 

Table  224. — Oxygen  cotxumed  in  metoDoHtm  experimcnti  without  food. 
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Table  324  shows  that  the  total  oxygen  consumption  during  fasting  may  vary 
widely  with  different  individuals.  Thus,  on  tiie  second  day  of  experiment  No. 
82,  734  grams  were  absorbed,  wliile  on  i^e  sixth  and  seventh  days  of  experi- 
ment No.  76,  only  466  grams  were  consumed.  The  average  for  the  first  3 
days  of  fast  is  nearly  the  same,  i.  e.,  591  and  609  grams.    The  amounts  are 


'^  GarneEle  InstituUoD  of  WasliiiigtcMi  Pnblicatlon  No.  42,  p.  178. 
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lai^^  on  the  aecond  day  of  fasting  than  on  the  first  day  with  bat  three  excep- 
tionB,  the  increase  being,  in  one  instance,  as  much  as  tO  grams,  and  in  another 
about  61  grams.  In  practically  all  cases  the  oxygen  intake  diminishes  after 
the  second  day,  reaching  a  constant,  466  grams,  on  the  sixth  and  seventh  days. 

ConBtdering  experiments  with  the  same  individnal,  S.  A.  B.,  it  is  to  be  noted 
that  even  on  the  first  day  of  fast,  there  are  noticeable  difEerencea  in  the 
amonnts  consumed,  which  range  from  534  grams  in  experiment  No.  75,  to  589 
grams  in  experiment  No.  71.  The  excessive  amount  in  the  latter  case  may, 
however,  be  explained,  in  part  at  least,  by  the  fact  that  a  10-minute  period 
of  hard  muscnlar  exercise  on  the  bicycle  ergometer  was  taken  on  this  day.  A 
similar  variation  appears,  however,  between  the  amonnts  for  the  first  day  of 
experiments  Xos.  68  and  69,  made  with  the  subject  A.  L.  L. 

Obviously,  as  was  the  case  with  the  carbon  dioxide  elimination,  differences 
in  the  bodily  activi^  and  body-weight  of  the  subjects  may  explain  in  laige 
part  the  variations  in  the  amonnts  of  oxygen  consumed  during  the  experiments, 
and  indeed  during  different  experiments  with  the  same  subject  The  rela- 
tions between  the  oxygen  consumption,  carbon  dioxide  excretion,  heat  pro- 
duction, and  muscular  activity  are  discussed  in  detail  in  a  subsequent  section. 
The  discussion  of  the  relations  between  the  body-weight  and  the  oxygen  intake 
are  also  considered  elsewhere. 

RESPIRATORY  QUOTIENT. 

The  ratio  between  the  volumes  of  carbon  dioxide  excreted  and  oxygen  con- 
sumed is  of  great  value  in  indicating  the  nature  of  the  material  undergoing 
katabolism  in  the  body.  The  combustion  of  the  carbohydrate  is  accompanied 
by  an  absorption  of  oxygen  which  in  the  course  of  the  oxidation  results  in  the 
production  of  an  equal  volume  of  carbon  dioxide.  On  tiie  other  hand,  when 
fat  is  oxidized,  the  oxygen  absorbed  is  used  to  oxidize  not  only  the  carbon  of 
the  fat,  but  also  the  organic  hydrogen.  While  the  combustion  of  tiie  carbon 
results  in  the  formation  of  an  aeriform  combustion  product,  carbon  dioxide, 
oxidation  of  the  hydrogen  results  in  the  formation  of  water-vapor  which  is 
not  measured  in  the  ordinary  methods  of  studying  &e  respiratory  gases. 
Conseqnentiy,  the  volume  of  carbon  dioxide  excreted  is  less  than  that  of  the 
oxygen  consumed.  The  ratio  between  the  volumes  of  carbon  dioxide  and  the 
oxygen  is  called  the  respiratory  quotient.  It  is  commonly  expressed  by  the 
fraction  ^3 .    In  the  case  of  the  carbohydrate,  this  respiratory  quotient  ia 

equal  to  1  since  equal  volumes  of  oxygen  and  carbon  dioxide  are  involved  in. 
the  respiratory  exchange.  The  combustion  of  fats,  on  the  other  hand,  resulta 
in  a  respirakiry  quotient  which  ia  always  lees  than  1,  and  for  the  ordinary 
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The  computation  of  the  theoretical  respiratory  qaotient  from  the  combnstioii 
of  carbohydrate  or  fat  is  relatively  simply  but  ttie  nature  of  the  cleavage  of 
the  protein  molecule  and  the  excretion  of  partially  oxidized  material  in  the 
mine  complicatee  the  computation  of  the  quotient  resulting  &om  the  oxidation 
of  protein.    The  value  commonly  accepted  for  protein  is  0.809. 

For  further  discuesioa  of  the  ttieoretical  factors  involved  io  the  computation 
of  the  theoretical  respiratory  quotients  resulting  from  the  combnstioD  of 
protein  see  Magntts-Levy.'" 

While  the  theoretical  consideration  of  the  respiratory  quotients  to  be  derived 
from  the  combustion  of  the  various  nutrients  in  the  body  is  capable  of  mathe- 
matical expression,  considerable  difGculty  is  experienced  in  interpreting  the 
respiratory  quotients  actually  determined  on  man.  For,  instead  of  the  com- 
bustion of  any  given  one  of  these  ingredients  of  the  body,  protein,  fat,  or 
carbohydrate,  there  is  in  practically  all  cases  a  simultaneous  combustion  of  the 
three.  It  has  commonly  been  believed  that  in  fasting  experiments  of  short 
duration,  the  combnstion  is  chiefly  that  of  fat  with  a  small  amount  of  protein, 
and  it  has  been  maintained  that  the  combustion  of  protein  is  relatively  ctm- 
stant  from  hoar  to  hour.  Hence,  in  the  studies  made  by  Zuntz,  Loewy, 
Magnus-Levy,  and  their  associates,  the  quotient  obtained  during  fasting  has 
been  taken  as  a  measure  of  the  respiratory  quotient  derived  from  the  com- 
bustion of  fat  with  a  constant  amount  of  protoin.  The  various  factors 
influencing  the  quotients,  such  as  the  ingestion  of  food,  muscular  exercise,  etc., 
have  been  studied  in  the  majori^  of  the  experiments  made  by  these  investi- 
gators, and  the  results  obtained  are,  for  the  speciflc  purpose  for  vhich  Qaj 
were  designed,  all  that  could  be  desired. 

On  the  other  hand,  when  the  respiratory  quotient  is  determined  not  only  for 
the  total  24  hours,  but  also  for  ^hour  periods,  there  may  be,  during  the 
periods,  a  lack  of  uniformity  in  the  amount  and  rapidity  of  the  disintogration, 
not  only  of  protoin  bat  likewise  of  carbohydrate,  and,  therefore,  it  is  readily 
seen  that  the  interpretation  of  quotients  for  2-honr  periods,  even  when  cor- 
rectly determined,  is  a  matter  of  considerable  complexity.  Indeed,  the  use 
commonly  made  of  the  respiratory  quotient  is  of  but  little  value  in  complete 
metabolism  experimente,  and  recourse  must  be  had  to  the  more  complete 
apportionment  of  the  oxidation  among  the  three  principal  ingrediente  of  the 
body — protein,  fat,  and  carbohydrate — according  to  the  method  elaborated 
and  discussed  in  connection  with  the  statistical  data  of  experiment  iNTo.  69 
(p.  36). 

The  respiratory  quotients  for  each  day,  as  determined  in  these  experimente, 
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The  reapiratory  quotiente  for  tiie  2-hoTir  perioda  are  given  with  the  detailed 
statistics  of  the  experiments.  Unfortonately,  bat  little  reliance  can  be  placed 
on  these  determinationa  for  short  periods  save  in  tiiose  instances  when  the 
muscular  activity  of  the  subject  waa  the  same  at  the  beginning  and  end  of  die 
experimental  period.  As  has  been  pointed  out  previously,  the  exact  determi- 
nation of  the  average  temperature  of  the  large  volume  of  air  residual  inside 
the  chamber  (4900  liters)  is  of  the  ntmoBt  importance  to  the  accurate  measure- 
ment of  the  oxygen  consumption.  TTuder  like  conditions  of  muscular  activity 
at  the  beginning  and  end  of  each  period,  the  average  temperatures  may  readily 
be  secured.  Experience  has  shown  that  even  minor  difEerences  between  the 
muscular  activity  at  the  beginning  and  at  the  end  of  a  period  result  in  abnor^ 
mal  temperature  observations  for  the  residual  air  and  consequently  erroneous 
oxygen  determinations  and  refipiratory  quotients.  On  the  contrary,  since  the 
experimental  day  ende  at  7  a.  m.  and  the  subject  is  quietly  resting  In  bed,  the 
respiratory  quotients  for  S4  hours  we  believe  to  be  as  accurate  as  can  be 
determined  with  the  type  of  apparatus  used  in  these  experiments. 

The  marked  acidosis  accompanying  certain  fasting  experiments  and  which 
we  have  reason  to  believe  was  not  absent  in  some  of  those  here  reported,  would 
have  on  effect  upon  the  respiratory  quotient.  The  conversion  of  partially 
oxidized  fat  into  /3  oxybutyric  acid,  for  example,  woiild  mean  a  taking  up  of 
oxygen  unaccompanied  by  a  corresponding  liberation  of  carbon  dioxide,  and 
hence  the  oxygen  consumption  would  be  too  large  and  the  respiratory  quotient 
too  small.  The  exact  effect  of  this  acidosis  on  the  quotient  bos  not  been  com- 
puted since  the  reBpiratory  quotients  are  not  used  in  this  discussion  in  their 
ordinary  sense.    The  influence  of  such  an  absorption  of  oxygen  unaccompanied 
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b;  a  carboD  dioxide  liberation  on  the  computation  of  the  protein,  fat,  and 
carbohydrate  by  meaoB  of  the  method  of  eimaltaneonB  eqnatioiu  might  be  very 
complex.  One  aerioue  objection  to  this  method  of  computation  ifl  that  the  poesi- 
bilitieB  of  intermediary  metaboliem  are  not  considered  in  any  way,  since  only 
the  end  products  of  metabolism  are  used  for  obtaining  the  data.  It  is  beliered, 
however,  that  acidosis  did  not  proceed  to  any  euch  degree  in  these  experiments 
as  to  depreciate  materially  the  accuracy  of  the  computations  of  the  protein, 
fat,  and  glycogen  katabolized. 

BODY  MATERIALS   KATABOLIZED. 

The  measurement  of  the  end  products  of  katabolism  appearing  in  the  reepirar 
toiy  gases  and  the  urine  furnishes  the  necessary  data  for  determining  the 
nature  of  the  total  katabolism.  Aside  from  the  interpretations  of  the  nitrogen 
ontpnt  and  more  specifically  the  rec^it  emphasis  laid  upon  the  interpretation 
of  the  partition  of  the  nitrogen  in  the  urine,  deductions  from  the  respirator; 
quotient  have  been  of  greater  value  in  indicating  the  nature  of  the  total 
katabolism  than  have  those  from  any  other  measured  factor.  Bat  while  the 
respiratory  quotient  is  an  admirable  index  of  katabolism  in  short  experiments 
in  which  the  body  is  at  absolute  rest,  provided  that  the  body  material  has  not 
previously  been  heavily  drawn  upon  as  a  result  of  a  protracted  period  of  fast- 
ing, knowledge  of  the  katabolic  processes  during  inanition  has  been  so  defi- 
cient ihat  the  usual  method  of  employing  the  respiratory  exchange  as  an  index 
of  katabolism  during  a  prolonged  fast  is  hardly  justified.  In  nearly  all  the 
studies  of  the  respiratory  exchange  that  have  thus  far  been  made,  the  so-called 
"  ntichtemwert "  is  of  fundamental  importance.  It  is  necessary,  however,  in 
considering  experiments  of  the  nature  of  these  here  reported,  to  bear  in  mind 
that,  even  after  IZ  hours'  fast,  there  may  still  be  a  considerable  absorption  from 
the  intestine  of  food  or  at  least  of  partially  digested  material  So  long  as 
this  absorption  is  uniform,  it  introduces  no  material  error  into  the  determina- 
tion of  the  fasting  value,  since  its  effect  is  measured  along  with  tlie  effect  of 
the  continued  protein  katabolism.  The  ingestion  of  even  small  amounts  of 
food  produces  immediately  very  considerable  changes  in  the  respiratory  ex- 
change, and  since  in  all  experiments  of  short  duration,  the  differential  method 
is  employed,  it  is  important  in  studying  factors  infiuencing  metabolism  such  as 
the  ingestion  of  food  and  muscular  work,  that  the  respiratory  exchange  be 
measured  prior  to  tjie  ingestion  of  food  or  the  beginning  of  muscular  exercise. 
Hence,  tlie  value  of  the  respiratory  exchange,  when  the  body  is  at  absolute  rest 
after  a  period  of  13  hours  without  food,  is  usually  taken  as  the  basis  for 
comparison.  The  differences,  then,  between  the  respiratory  exchange  during 
rest  and  that  of  the  changed  condition  of  the  experiment  indicate  the  effect  of 
the  change.  The  respiratory  quotients  obtained  in  the  fasting  experiments 
here  reported,  on  the  other  hand,  represent  the  resultant  value  of  all  the  oxy- 
gen absorption  and  the  total  carbon  dioxide  production  of  each  2i  hours. 
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Afi  commonly  used,  the  reBpiratoi;  qaotient  excludes  completely  any  con- 
aideration  of  the  total  nitrogen  excretion,  on  the  assumption  that  for  the  short 
period  of  the  respiration  experiment  the  katabolism  of  protein  is  constant 
In  the  experiments  made  in  this  laboratory  Qie  protein  broken  down  is  as 
accQiatel;  and  regnlarly  measured  as  is  the  carbon  dioxide  production,  and 
hence  the  total  carbon  dioxide  excretion  can  be  resolved  into  certain  portions 
representing  tiie  katabolism  of  the  various  ingredients  of  the  body. 

The  determination  in  metabolism  experiments  of  the  complete  carbon  dioxide 
and  nitrogenous  outpnt  alone  has  served  heretofore  as  the  basis  for  the  compu- 
tation of  the  proportions  of  protein  and  fat  katabolized.  In  this  computation 
it  has  been  necessary  to  assume  ttiat  the  store  of  glycogen  in  the  body  remained 
constant  during  the  experiment.  Such  an  assumption  may  not  be  grossly  erro- 
neous during  food  experiments  in  vhich  a  maintenance  ration  is  employed, 
though  for  periods  of  inanition  where  there  may  be  very  considerable  drafts 
upon  the  store  of  glycogen,  this  method  of  computation,  admittedly  but  approx- 
imate for  experiments  with  food,  may  be  entirely  inadequate. 

It  was  early  recognized  in  this  laboratory  that  a  fundamental  study  of 
metabolism  during  inanition  is  necessary  for  a  proper  understanding  of  many 
physiological  processes.  But  until  the  means  were  at  hand  for  determining 
directly  the  oxygen  consumption,  it  was  apparent  that  such  studies  were  of 
but  little  value.  With  the  added  data  regarding  the  total  amount  of  oxygen 
absorbed  per  day,  a  much  more  accurate  apportionment  of  the  total  kataboliran 
among  protein,  fat,  and  carbohydrate  is  possible.  The  apportionment  is  based 
upon  the  chemical  determinations  showing  the  losses  of  material  to  the  body 
in  terms  of  chemical  elements,  and  for  this  reason  especial  care  has  been  taken 
in  making  the  elementary  analyses.  The  losses  to  the  body  of  nitrogen,  carbon, 
hydrogen  of  organic  matter,  oxygen,  water,  and  ash  have  all  been  determined 
as  accurately  as  present  methods  of  analysis  will  permit.  The  method  of 
obtaining  the  gains  and  losses  of  chemical  elements  has  been  discussed  in  detail 
in  connection  with  experiment  No.  59  (see  p.  36).  From  these  gains  or  losses 
of  dements  it  is  possible  by  means  of  the  method  of  simultaneous  equations  to 
compute  the  proportions  of  protein,  fat,  and  carbohydrate  katabolized.  The 
detailed  treatment  of  this  subject  is  likewise  given  in  connection  with  the 
discussion  of  the  same  experiment. 

It  is  only  necessary  here,  therefore,  to  compare  the  total  amoonts  of  protein, 
fat,  and  carbohydrate  katabolized  on  different  days  of  the  different  fasting 
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Since  the  protein  katabolized  is  computed  from  the  nitrogen  excretion  by 
multiplying  the  amount  of  nitrogen  by  &.e  factor  6.0,  the  discussion  which 
has  been  accorded  the  total  excretion  of  nitrogen  during  fasting  applies  in 
general  in  this  connection.     For  while,  as  is  well  known,  the  nitrogen  excreted 
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in  the  mine  may  have  originated  either  in  katabolized  protein,  ptuin  bodies, 
creatine  and  creatinine,  or  preformed  area  and  other  cryetallized  end  prodncts 
of  kataboliBin,  the  only  index  of  the  total  protein  katabolism  commonly  naed 
ia  the  total  excretion  of  nitrogen.  Contrary  to  the  natural  enppoeition,  the 
problem  is  most  complicated  in  f aating  experiments ;  for  although  under  ordi- 
nary eonditiona  with  food  the  excretion  of  phosphorus  and  sulphur  may  be 
significant  of  the  breaking  down  of  protein,  during  inanition  the  excretions  of 
nitrogen,  sulphur,  and  phosphoros  indicate  profound  distorbances  in  the 
kataboliBm. 

A  nomber  of  writers  have  attempted  to  compute  the  protein  katabolized  from 
the  sulphur  elimination,  by  assuming  that  the  sulphur  content  of  protein  is 
relatively  constant.  The  ratio  of  nitrograi  to  sulphur  has  been  used  in  this 
connection.  Bnt  the  wide  yariations  in  the  amounts  of  sulphur  present  in  the 
TariooB  proteins  existing  in  the  body  make  it  difficult  to  utilize  with  any  d^ree 
of  satisfaction  the  data  obtained  from  the  sulphur  and  nitrogen  determinations 
and  especially  the  ratio  between  them.  Sherman"*  has  computed  the  ratio 
of  nitrogen  to  sulphur  in  a  large  number  of  vegetable  and  animal  proteins. 
With  the  proteins  of  the  body,  the  ratios  range  from  44.6 : 1  in  oxy-hemoglobin 
to  5 : 1  in  tendon  mucin  and  osseo-mucoid ;  in  myosin,  serum  globulin,  and 
fibrinogen,  the  ratios  are  more  constant,  namely,  13.1 : 1,  14.3 : 1,  and  13.3 : 1, 
respectiyely. 

It  is  commonly  assumed  that  body  protein  contains  from  16  to  17  per  cent 
of  nitrogen,  and  since  this  percentage  is  not  markedly  different  in  the  different 
animal  proteins,  the  assumption  is  reasonably  well  grounded ;  but  as  has  been 
shown  above,  the  ratios  of  nitrogen  to  sulphur  vary  so  vridely  as  to  practically 
preclude  any  scientific  deductions  from  them  regarding  the  nature  and  amount 
of  the  protein  katabolized.  The  probability  that  there  are  at  least  two  kinds 
of  protein  katabolism  occurring  in  tiie  body,  namely,  exogenous  and  endo- 
genous, justifies  the  belief  that  there  is  a  noticeable  difference  in  the  sulphur 
content  of  the  two  kinds  of  protein  kataboUsed.  While  the  nitrogen-sulphur 
ratio  in  fibrinogen,  serum  globulin,  and  myosin  is  fairly  constant  and  this 
could  properly  be  used  if  thepe  were  the  only  proteins  katabolized,  an  examina- 
tion of  the  ratios  found  in  the  experiments  here  reported  (see  table  209)  shows 
that  on  only  one  day  was  the  nitrogen-sulphur  ratio  as  low  as  14.12,  namely, 
the  fifth  day  of  experiment  No.  73.  The  ratios  on  all  the  other  days  were 
considerably  higher,  averaging  not  far  from  16.8.    This  fact  clearly  indicates 
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Btftnt  throi^hoat  the  faet,  and  according  to  the  reenlts  of  Brugech  (12),  the 
pnrin  bodies  Temaio  cooetant,  at  least  on  the  last  8  days  of  a  30-day  fast.  This 
would  imply  that  there  vas  no  excess  Id  the  excretion  of  eztractive  nitrogen. 
The  anlphur  determinations  are  of  value  in  suggesting  the  nature  rather  than 
the  total  amonnt  of  the  protein  katabolized. 

But  little  BatiBf action  attends  the  attempt  to  designate  the  kinds  and  amount 
of  protein  katabolized  from  the  phosf^oma  output,  for  as  has  been  shown  in 
discussing  the  phosphorus  excretion,  the  ratio  of  nitrogen  to  phosphorus  is  very 
much  Bmaller  tiian  that  occurring  in  the  ordinary  nacleo-proteins,  which  signi- 
fies that  in  all  probability  phosphatic  material  of  the  bonea  has  been  drawn 
upon  and  excreted. 

An  attempt  has  been  made  to  measure  protein  katabolism  by  means  of  the 
chlorine  excretion,  assuming  that  the  chlorine  content  of  muscle  is  constant. 
From  the  discussion  of  the  chlorine  output  during  fasting,  it  is  apparent  that 
here  again  the  results  of  the  experiments  are  such  as  to  preclude  an  accurate 
comparison  between  the  elimination  of  chlorine  and  the  amount  of  protein 
katabolized.  Recent  advances  in  the  study  of  the  significance  of  the  partition 
of  nitrogen  would  imply  that  a  knowledge  of  the  purin  bodies,  amino-acids, 
ammonia,  and  uric  acid  of  the  urine  would  furnish  a  much  more  accurate  basis 
for  the  computation  of  the  total  protein  katabolism  than  would  perhaps  the 
total  nitrogen  excretion.  In  the  absence  of  more  definite  information  regard- 
ing the  nature  of  the  nitrogenous  material  excreted  during  fasting,  the  only 
alternative  is  to  follow  the  usual  custom  and  to  assume  that  the  total  nitrogen 
output  indicates  the  total  protein  katabolism.  In  table  226  the  amounts  of 
protein  katabolized  per  day,  eompnted  by  multiplying  the  total  nitrogen  excre- 
tion by  6.0  are  recorded.  There  are  considerable  differences  in  the  body- 
weights  of  the  suhjecte  of  these  experimente,  and  consequently  the  amounts 
per  kilo  of  body-weight  are  also  recorded  for  purposes  of  comparison.  Since 
there  is  a  mass  of  evidence  to  show  that  muscular  activity,  at  least  when  not 
excessive,  does  not  infiaence  the  nitrogen  output,  the  uniformity  or  lack  of 
uniformity,  between  the  total  amounte  of  protein  katabolized  by  different 
suhjecte  and  on  different  days  by  the  same  subject  can  be  better  compared  than 
the  katebolism  of  either  carbohydrate  or  fat. 

An  examination  of  the  figures  in  the  table  shows  that  during  inanition,  the 
protein  katebolized  on  the  first  day  of  fasting  varies  from  36.0  grams  to  79.6 
grams.  The  average  for  the  first  day  for  the  14  experiments  is  60.2  grams. 
Aside  from  the  extremely  low  amount  on  the  first  day  of  experiment  No.  ?1, 
the  lowest  result  for  the  first  day  ie  46.7  grama.  On  the  basis  of  per  kilo  of 
body-weight,  the  fluctuations  for  the  first  day  of  the  fast  range  from  0.61  to 
1.44  grams,  averaging  0.94  gram.  The  variations  from  the  average  protein 
katebolism  per  kilogram  of  body-weight  indicate  that  there  is  no  approach  to 
nniformity  in  the  results  obtained  on  the  first  day  without  food. 
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The  imoBiiaUy  low  nitrogen  output  on  the  first  day  of  experiment  Xo.  71 
lias  been  the  subject  of  much  etndj.  Unfortunately,  Bince  tluB  was  the  first 
day  of  experimenting  with  this  subject,  no  data  are  at  hand  Kgarding  his 
protein  katabolism  prior  to  the  fast  nor,  indeed,  have  we  that  accurate  record 
of  food  consumed  and  nitrogen  excreted  during  the  Beveral  weeks  before  this 
fast  that  is  available  for  the  interpretation  of  the  protein  diaintogration  in  one 
of  the  subsequent  fasts. 

Tabu  tM.— Protein  JiataioU»ed  In  metabolttin  etep«rimen(a  withma  food. 
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The  amounts  of  protein  katabolized  in  the  dlfEerent  experim^its  are  much 
more  nearly  uniform  on  the  second  day  of  fasting,  the  minimum  being  69.7 
grams  and  the  maximum  86.8  grams.    The  average  for  the  14  experiments  is 
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76.6  grains,  a  material  increase  over  the  average  for  the  first  day,  tlmB  buIh 
BtantistiDg  the  contention  made  by  Fraosnitz  "*  that  the  protein  kataboliam  on 
the  firat  day  of  fasting  is  regulated  in  large  measure  by  the  amount  of  glycogen 
in  tiie  body.  Pnrthermore,  reference  to  the  quantities  of  glycogen  katabolized 
(see  table  328)  oa  the  second  days  of  these  ezperimeots  ebows  that  the  amounts 
of  katabolized  glycogen  in  all  but  one  instance  were  greatest  on  the  first  day. 

Computed  on  the  basis  of  per  kilogram  of  body-weight,  ttie  protein  kata- 
bolism  on  the  second  day  of  fasting  is  reasonably  constant,  experiments  Nos. 
79  and  80  being  the  marked  exceptions.  Omitting  these  experiments,  the 
widest  variation  from  the  average  (1.21  grame)  is  0.88  gram. 

The  uniformity  of  the  protehk  katabolism  is  still  further  supported  by  the 
resolEs  on  the  third  day  of  fasting,  the  maximum  amonnt  being  90.3  grams, 
the  minimum  65.9  grams,  and  the  average  78.5  grams,  somewhat  more  than 
the  average  for  the  second  day.  The  average  per  kilogram  of  body-weight  ia 
1.28  grams,  and  the  fluctuations  from  this  average  in  the  different  experiments 
are  very  small. 

Similarly,  constancy  in  the  results  from  day  to  day  is  observed  on  the  fourth 
day  of  fasting,  the  amounts  on  the  basis  of  per  kilogram  of  body-we^ht  being 
practically  uniform  after  the  third  day. 

In  comparing  tiie  results  of  protein  katabolism  as  indicated  in  this  table, 
it  is  important  to  bear  in  mind  that  the  factor  for  ^e  computation  of  protein 
here  employed  is  6.0,  while  the  factors  6.3  and  6.25  are  commonly  used  to 
express  the  ratio  between  nitrogen  and  protein.  Obviously,  the  use  of  either 
of  these  latter  figures,  would  indicate  a  somewhat  greater  protein  katabolism 
than  is  recorded  in  the  table. 

The  results  show  that  on  the  first  day  of  fasting  the  amounts  are  extremely 
irregular  and  that  the  fasting  protein  katabolism  can  not  be  said  to  be  estab- 
lished before  the  second  day. 

The  bearing  of  the  protein  katabolism  on  the  protein  requirement,  the 
infiuence  of  the  previous  store  of  glycogen,*"  fat  and  protein,  and  the  relation 
of  the  protein  kataboliBm  to  the  total  active  mass  of  protoplasmic  tissue  are 
problems  all  closely  related,  but  discussion  of  them  in  this  place  would  be 
beyond  the  confines  of  this  report  With  the  publication  of  experiments  made 
subsequent  to  these  here  reported,  it  is  hoped  that  these  problems  may  be  more 
fully  dealt  with. 

Certain  of  the  data  accumulated  in  this  series  of  experiments,  while  admit- 
tedly too  meager  to  serve  as  &e  basis  for  the  enunciation  of  a  theory  of  the 
effect  of  inanition  upon  protein  katabolism,  are  sufficiently  snggeetire  to 
warrant  more  complete  examination. 

"Zelt.  I.  BloloBle  (1S92),  S9,  p.  161. 

*~  The  IntereeUng  dlscuBslon  of  tbe  relation  between  the  store  of  glycogen  in  the 
body  and  the  proteld  katabolism  br  LandergreD  (Skaa.  Archlv  t.  PhTSlol.  (1903), 
14,  p.  109),  iB  supplemented  by  the  obeervatlona  on  tb«  actual  glycogen  katabolism 
observed  In  these  experiments. 
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Id  the  discnBaioD  of  the  creatinine  output  (see  p.  389)  the  interpTetAtion  of 
the  results  obtained  in  these  experiments  viewed  io  the  light  of  the  Folin  theory 
of  protein  metabolism  was  pointed  ont.  The  attempts  to  hannonize  the  Tesolta 
of  the  fasting  experimenta  with  this  theory  showed  that,  while  the  body  during 
fasting  may  protect  reserve  tissue  protein  to  a  greater  extent  than  during 
ordinary  conditions  of  nutrition,  there  is  also  the  poasibility  that  fasting  may 
result  in  a  greater  encroachment  upon  stored  organized  body  material.  Th« 
fact  that  the  total  creatinine  output  remained  constant  even  during  a  7-day 
fast  was  taken  as  an  indication  that  no  greater  drafts  were  made  upon  organ- 
ized protein  than  during  complete  nutrition. 

The  presence  of  preformed  creatine  in  the  urine  of  fasting  man  was  con- 
sidered the  result  of  a  decrease  in  the  power  of  the  body  to  dehydrate  the 
creatine  resulting  from  protein  katabolism.  In  support  of  this  view  is  the 
remarkable  fact  that  the  total  creatinine  elimination,  i.  e.,  preformed  creatinine 
plus  preformed  creatine  (expressed  in  terms  of  creatinine),  remains  constant 
throughoat  the  fast  Without  losing  sight  of  the  possibility  of  this  expla- 
nation, it  is  of  interest  to  consider  another  possible  correlation  of  these  data. 

The  exact  nature  of  the  endogenous  protein  katabolism  is  not  known.  That 
it  is  essentially  different  from  the  exogenous  is  by  no  means  inconceivable,  and 
if  the  assumption  ia  made  that  tissue  protoplasm  is  broken  down,  the  marked 
decrease  in  the  total  protein  katabolism  during  prolonged  fasting  would  imply 
that  the  katabolism  of  tisane  protein  would  likewise  decrease.  The  total 
creatinine  output  considered  in  the  light  of  the  forgoing  discussion  then 
would  indicate  that  the  tissue  katabolism  was  supplemented  by  some  other 
source  of  creatinine. 

As  a  matter  of  fact  the  preformed  creatinine  elimimitian  decreases  as  the 
fast  progresses  and  the  preformed  creatine  increases.  The  presence  of  con- 
siderable amounts  of  creatine  in  flesh  would  suggest  that  in  the  katabolism  of 
body  flesh  during  inanition  this  creatine  was  liberated  and  that  it  was  excreted 
by  the  body  as  such.  This  involves  no  assomption  r^arding  the  source  of  the 
preformed  creatinine  excreted  during  inanition.  This  latter  may  be  derived 
from  the  katabolism  of  protein  or  it  may  be  taken  from  the  preformed  creatine 
in  the  muscle,  dehydrated  to  creatinine  and  so  excreted,  but,  unfortunately,  no 
evidence  is  at  hand  to  show  clearly  this  phase  of  intermediary  metabolism. 

The  suggestion  above,  therefore,  assumes  that  the  so-called  eDd<^enou8 
protein  katabolism  during  inanition  decreases  as  the  fast  progresses,  using  the 
preformed  creatinine  excretion  as  the  measure  of  endogenous  katabolism.  The 
excretion  of  preformed  creatine  indicates  the  katabolism  of  flesh. 

According  to  the  results  of  Van  Hoogenhuyze  and  Verploegh  (11),  each 
kilogram  of  flesh  contains  not  far  from  4.8  grams  of  creatine."^    In  the  later 
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isLjB  of  fasting  in  the  Middletown  experimentB  the  total  amonnt  of  protein 
katabolized  was  sot  far  from  60  grama,  correspooding  to  about  300  grams  of 
flesh.  Assuming  the  whole  protein  katsbolism  to  hare  resulted  from  katabol- 
ised  fleeh  about  1.2  grams  of  creatine  would  hare  been  set  free. 

The  amounts  actually  found  are  much  less  than  this  theoretical  quantity. 
The  absence  of  uniformity  in  the  nitrogen-sulphur  ratio  points  strongly  to  a 
protein  kataboUsm  other  than  that  of  muscle.  As  the  fast  progresBes  this 
ratio  gradually  approaches  that  of  muscle  protein.  It  is  suggested,  then,  that 
the  true  measure  of  fleBh  or  muscle  katabolized  may  in  fasting  man  be  the 
amount  of  preformed  creatine  excreted  in  the  urine.  According  to  this 
hypothesis  the  total  protein  katabolism  on  the  first  few  days  of  fasting  involres 
little  muBcle  protein,  but  as  the  fast  progresses  the  muscle  protein  becomes  dis- 
integrated and  releases  creatine  which  is  excreted  unchanged.  The  muscle 
katabolism  does  uot  comprise  the  total  protein  katabolism,  for  the  creatine 
excretion  is  practically  constant  on  the  fifth,  sixth,  and  serenth  days.  The 
nitrogen-sulphur  ratio  likewise  becomes  constant  during  these  periods,  and 
the  total  amount  of  creatine  excreted  would  correspond  to  that  in  but  126  grams 
of  katabolized  flesh.  There  must  be  a  continuous  protein  katabolism  other  than 
that  of  flesh,  which  has  reached  a  minimum  on  the  fifth  day.  This  suggestion 
of  the  use  of  preformed  creatine  eliminated  in  the  urine  as  an  index  of  flesh 
katabolized  has  at  least  the  value  of  indicating  many  possible  research  problems. 
Our  experimental  data  are  far  too  limited  to  bring  the  discussion  out  of  the 
field  of  speculation. 

Polin  "*  has  shown  that,  contrary  to  the  prerailing  opinion,  creatine  ingested, 
especially  after  a  period  with  food  in  which  the  protein  content  of  the  body 
has  been  somewhat  lowered,  i.  e.,  after  a  low  protein  diet,  is  not  excreted 
unchanged,  nor  indeed  is  it  excreted  in  the  form  of  creatinine.  There  is, 
moreorer,  no  corresponding  increase  in  the  total  nitrogen  elimination,  and 
hence  it  would  appear  that  under  these  conditions  tbie  creatine  is  retained  by 
the  body.  On  the  other  hand,  his  experiments  show  that  when  the  body  ia 
surcharged  with  protein,  as  after  a  high  protein  diet,  the  creatine  ingested  is 
in  large  part  excreted  as  such.  These  results  are  difficult  to  harmonize  with 
those  obtained  in  the  fasting  experiments  here  reported  unless  some  such 
assumption  as  is  suggested  abore  is  made. 

During  a  low  protein  diet  the  creatine  of  the  muscles  is  apparently  drawn 
upon  and  whether  it  ia  excreted  as  creatine  or  as  creatinine  we  as  yet  do  not 
know.  Fnder  such  conditions,  then,  the  ingestion  of  creatine  supplies  the 
drafts  upon  the  body  creatine  and  there  is  no  loss  through  tiie  urine.  It 
would  be  interesting  to  see  how  soon  the  store  of  creatine  in  the  body  would 
be  replenished  and  the  excess  excreted  in  the  urine  with  the  subject  r 
on  a  low  protein  diet. 

"•Feetscbrlft  fOr  Olof  Hammu-Bten  (1906). 
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The  excretion  of  neutral  Bnlphnr  psralleU  in  a  marked  manner  that  of  pre- 
formed creatinme.  While  Polin  ia  inclined,  according  to  recent  Btatement*," 
to  n^rd  the  excretion  of  nentral  snlphnr  in  a  somewhat  different  light  than 
when  he  enunciated  hiB  theory  of  protein  metaboliam,  it  ia  aigniflcant  that, 
in  fasting  experiments,  the  excretion  of  preformed  creatinine  and  nentral 
Bulphnr  should  decrease  as  the  fast  progressee  at  practically  the  same  rate. 
But  <m6  explanation  for  this  j^enomenon  appears  at  present.  Possibly  dur- 
ing the  earlier  stages  of  fasting,  the  fluid  proteins  are  first  drawn  upon.  This 
represents  a  condition  of  katabolism  not  unlike  that  during  the  ordinary 
digestion  of  food.  It  may  be  measured  by  the  total  creatinine  and  the  nentral 
sulphur  ontpat.  The  body  becomes  depleted  of  its  fluid  protein  as  the  fast 
continues,  and  then  the  muscle  is  disintegrated  and  the  creatine  in  the  flesh 
katabolized  is  set  free.  Under  ordinary  conditions  the  body  may  cleave  the 
protein  molecule  to  creatinine  during  the  process  of  katabolism,  bnt  be  unable 
to  dehydrate  preformed  creatine  to  creatinine.  On  this  assumption  it  would 
appear  that  the  preformed  creatine  existing  in  the  muscles  does  not  undergo 
any  katabolism,  that  it  is  a  relatively  constant  quantity  and  only  when  actiul 
mnsde  substance  is  drawn  upon,  as  during  inanition,  is  it  excreted  as  such. 

The  remarkable  constancy  of  the  total  creatinine  excretion  as  the  fast  pro- 
gresses does  not  justify  final  conclusions  regarding  the  excretion  of  creatine  in 
flesh  katabolized  daring  the  later  days  of  fasting.  It  would  seem  more  than 
a  coincidence  that  the  amount  of  creatinine  resulting  from  endogenous  protein 
katabolism  plus  the  amount  of  creatine  in  flesh  katabolized  should  remain 
constant  during  the  whole  of  the  7-day  fast 

Becentty  Lichtenfelt,"*  observing  the  infiuence  of  inanition  upon  the  com- 
position of  fish  muscle,  found  that  the  muscle  became  richer  in  water  when 
due  allowance  was  made  for  the  loss  of  fat  and  protein. 

This  observation,  likewise,  is  of  interest  in  connection  with  the  older 
assumption  that  when  flesh  was  katabolized  the  water  in  it  was  liberated  and 
excreted.  According  to  Lichtenfelt  the  water  is  not  necessarily  eliminated, 
but  the  muscle  has  a  higher  water  content. 

While  Licht^elf  s  results  indicate  that  there  may  be  a  loss  of  protein  from 
muscle,  Abderhalden,  Bergell  &  Ddrpinghaus "  found  on  investigating  the 
proteids  of  the  blood  and  the  body,  by  the  eeierficati(ai  method,  that  there 
was  no  difference  to  be  observed  when  comparing  tiie  determinations  on  animula 
in  health  and  animals  after  inanition,  thus  showing  that  the  residual  protein 
had  not  been  altered  as  a  result  of  inanition. 
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It  appears  clearly  eetablished  that  there  is  a  marked  diminutioD  in  the  Bize  of 
the  liver  **  and  paucreaa  as  well  as  other  glaodnlar  organs,  and  in  all  proba- 
bility these  organs  are  drawn  upon  to  a  conaiderable  extent  to  furnish  the 
protein  for  katabolism.  Since  ^ey  rapidly  r^^in  their  original  size  on  the 
ingestion  of  food,  it  is  probable  that  the  flnid  of  the  cell  rather  than  tlie 
organized  cell  proteid  is  the  portion  drawn  apon. 

EATABOLISH  OF  FAT. 

It  has  been  customary  in  all  experiments  in  which  the  katabolism  of  fasting 
man  has  been  measured,  to  assmne  that  the  total  fasting  metabolism  was  sus- 
tained by  the  katabolism  of  protein  and  fat.  The  amounts  of  these  compounds 
katabolized  by  a  man  at  rest  were  computed  from  analyses  of  the  respiratory 
products  and  the  urinary  nitrogen.  The  total  protein  katabolism  was  com- 
puted from  the  nitrogen  excreted  in  the  urine  and  the  amount  of  carbon  in  the 
protein  was  calculated  from  the  weight  of  protein  katabolized.  The  carbon 
from  protein  was  deducted  from  that  of  the  carbon  dioxide  and  the  carbon  in 
the  urine,  and  the  remainder  was  considered  to  have  resulted  from  the  kata- 
bolism of  fat.  This  procedure  has  been  common  in  the  calculation  of  all  meta- 
bolism experiments  up  to  the  publication  of  the  direct  determination  of  o^gen 
in  some  of  the  Middletown  experiments.™  With  the  direct  determination  of 
oxygen,  the  data  are  available  for  computing  by  means  of  simultaneous  equa- 
tions (see  p.  38)  the  quantities  of  protein,  fat,  and  carbohydrate  katabolized. 
The  amounts  of  fat  katabolized  per  day  and  per  kilogram  of  body-weight  in 
fasting  experiments  have  been  computed  and  are  recorded  in  table  237. 

In  all  cases  there  was  a  material  draft  upon  body  fat  which  was  never  less 
than  106.6  grams  per  day.  On  one  day  S03.6  grams  were  katabolized.  The 
amounts  for  the  first  day  of  fasting  ranged  from  106.6  to  156.!^  grams,  and 
averaged  135.1  grams.  The  katabolism  per  kilogram  of  body-weight  averaged 
2.10  grams. 

In  all  but  one  instance,  more  fat  was  katabolized  on  the  second  day  of  the 
fast,  the  average  amount  for  the  14  experiments  being  165.9  grams  or  3.61 
grams  per  kilogram  of  body-weight.  The  amounts  for  the  third  day  were  by 
no  means  as  regular  as  might  be  expected,  the  quantities  ranging  from  183.4 
grams  in  experiment  No.  59  to  137.7  grams  in  experiment  No.  77.  On  the 
basis  of  per  kilogram  of  body-weight,  the  range  was  from  3.80  to  3.26  grams. 
The  average  fat  katabolism  of  the  6  experiments  was  155.S  grams,  somewhat 
less  than  the  average  for  t^e  second  day  of  all  the  experiments.  The  average 
amount  on  the  fourth  and  fifth  days  was  abont  147  grams,  and  on  the  sixth  and 
seventh  days  about  16  grams  less  per  day.  The  largest  averages,  per  kilogram 
of  body-weight,  are  found  on  the  second  and  fifth  days,  while  on  the  first  and 
sixth  days,  the  smallest  amounts  appear.    The  minimum  katabolism  per  kilo 
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of  bod7-weight  was  observed  on  the  first  day  of  the  fast.  A  proper  interpre- 
tation  of  theee  fluctnationa  in  the  kataboliam  of  fst  can  not  be  made  irithoot  a 
comparison  of  the  amounta  of  glycogen  which  vere  eimultaneously  katabolited. 
The  large  amonnt  of  fat  drawn  upon  by  Uie  body  to  aupport  its  rltal  fuus 
tioDB  is  of  special  interest  in  connection  with  the  question  of  acidosia  during 
fasts.  This  obserration  is  wholly  in  accord  with  the  modem  conceptiona 
regarding  the  formaticHi  of  organic  acids  from  fat. 

TuoM  227. — Fat  katttbolited  In  metabolitm  experimeittt  wUhout  food. 
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There  is  good  reason  to  suppose  that  the  alight  muscular  activity  exhibited 
by  the  Bubjecte  of  these  experiments  could  not  have  had  any  marked  inflaence 
on  the  protein  katabolism.  Even  slight  variations  in  muscular  activity,  how- 
ever, have  considerable  effect  upon  the  amount  of  fat  katabolized,  hence  it  ia 
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necessary  to  consider  the  fat  katabollBm  along  witti  the  variationB  in  mnscular 
activit;  in  order  to  obtain  an  intelligent  conception  of  the  causes  for  the 
Tariations  in  the  Teaulte  for  fat  In  a  sabseqnent  section  the  relation  hetween 
the  muscular  activity  and  protein,  fat,  and  carhohydrate  katabolism,  along  witli 
a  number  of  other  factors  of  metabolic  activity,  is  considered. 

EATABOLISH  OF  QLTOOQEH. 

In  all  respiration  experiments  thns  far  made,  in  which  the  total  income  and 
oatgo  for  2i  hours  has  been  determined,  it  has  been  assumed  that  the  store  of 
glycogen  in  the  body  remains  constant  daring  the  experiment,  or  if  tiiere  are 
flnctuataons  during  the  day,  that  the  amount  in  the  body  at  the  beginning  and 
end  of  each  experimental  day  remains  unchanged.  For  experiments  vith 
normal  diets  in  which  a  maintenance  ration  is  supplied,  this  assumption  may 
not  be  entirely  erroneous.  The  study  of  fasting  batabolism,  on  the  other  band, 
involves  such  abnormal  conditions  that  the  assumption  that  the  glycogen  con- 
tent of  the  body  remains  constant  is  hardly  justified.  With  Uie  development 
of  the  present  form  of  apparatus  in  use  in  the  laboratory  of  Wesleyan  Univer- 
sity, it  was  possible  to  obtain  direct  evidence  regarding  the  absolute  amount  of 
oxygen  absorbed  by  man  per  day.  It  has  recently  become  possible  to  compute 
the  lose  of  body  material,  not  only  the  amounts  of  protein  and  fat,  but  also  the 
amount  of  glycogen,  and  in  these  experiments  tbe  quantities  of  glycogen 
katabolized  per  day,  have  been  computed.  All  earlier  experimenters  assumed 
that  the  total  carbon  elimination  minus  the  carbon  of  the  katabolized  protein, 
was  derived  from  the  katabolism  of  fat,  but  accurate  measurements  of  the  oxy- 
gen intake  permit  an  apportionment  between  the  fat  and  the  glycogen  of  the 
carbon  eliminated  other  than  carbon  of  katabolized  protein. 

Food  was  administered  in  the  first  series  of  experiments  with  which  this 
apportionment  was  attempted,™  although  in  some  instances  in  amounts  con- 
siderably lees  than  that  required  for  maintenance.  The  first  observations 
r^arding  the  glycogen  katabolism  of  fasting  man  made  with  this  apparatus 
are  here  recorded.  The  method  of  computing  the  amount  of  glycogen  has 
been  elaborated  in  connectnon  with  experiment  No.  59,  and  the  possible  errors 
of  the  method  (and  they  certainly  exist)  have  been  pointed  out  in  a  discussion 
elsewhere." 

Becognizing,  then,  the  possibilities  of  error  in  this  determination,  the  results 
are  given  ae  representing  the  closest  approximation  to  the  true  glycogen 
katabolism  that,  so  far  as  we  are  aware,  has  yet  been  made.  The  respiratory 
quotient  commonly  used  for  determining  the  apportionment  of  the  combuetion 
between  fat  and  glycogen  is  not,  at  least  in  its  ordinary  sense,  here  used. 

»U.  S.  Dept.  Agr.,  Offlce  ot  Bxpt  Sta.  Bui.  176. 

"Carnegie  InsUtntlon  of  Wasblngton  Publication  No.  42;  U.  S.  Dept.  Agr-,  Office 
of  Expt  Sta.  Bui.  176. 
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The  compnt&tionB  are  based  oil  the  loes  to  the  bod;  of  iutr<^eii,  carbon,  hydro- 
gen, and  oxygen,  the  elementary  analyees  fnmiahing  the  data  whereby  these 
losses  are  determined. 

The  amounta  of  glycogen  katabolized  per  day  together  with  the  quantities 
per  kilograni  of  body-weight  are  recorded  in  table  288. 

Table  22S. — aiyoogen  feototolteed  iti  metatoHm  experimmU  vUktrnt  food. 
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•  Omittlns  gtjcosta  gained. 

ThA  flflrnree  above  show  in  a  striMng  manner  the  great  possibilities  of  e 
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aveiage  for  14  experiments  there  were  110  grams  of  glycogen  katabolized  on 
the  first  day.  The  quantities  per  kilogram  of  body-veight  on  the  firet  day 
show  marked  differences  since  the  variationa  in  body-weight  of  the  different 
Bubjectfl  were  by  no  means  as  great  as  the  fiactnations  in  the  actnal  amount  of 
glycogen  katabolized.  On  the  second  day  of  fasting,  which,  as  has  been  seen 
in  the  previous  discussion,  appears  to  represent  more  nearly  than  the  first 
day,  the  true  fasting  metabolism,  the  quanti^  of  glycogen  is  considerably 
less,  ranging  from  14.9  to  91.6  grama.  It  is  to  be  noted  that  in  one  of  these 
experiments,  No.  81,  the  records  indicate  a  gain  of  glycogen  amounting  to 
25.7  grams.  Similarly  a  gain  is  recorded  on  die  fifth  day  of  experiment 
No.  73.  Deferring  for  the  moment  the  discossion  of  these  gains  of  glycogen, 
it  is  seen  that  the  amount  of  glycogen  katabolized  in  the  average  of  13  experi- 
inents  on  the  second  day  was  40.3  grams.  On  the  basis  of  per  kilogram  of 
body-weight  0.62  gram  was  katabolized.  The  large  amounts  on  the  first  day  of 
fasting  are  thus  very  materially  reduced  on  the  second  day.  Unfortunately, 
but  few  experiments  continued  after  the  second  day,  the  average  amount  of 
glycogen  for  the  third  day  of  6  experiments  being  31.8  grama.  Wide  flnctu- 
tiona  appear,  however,  even  on  this  day,  ranging  from  4.3  to  58.9  grams.  On 
the  fourth  day  the  glycogen  katabolized  was  nearly  constant  in  the  5  experi- 
ments, averaging  23.3  grams.  The  quantities  katabolized  on  the  fifth,  sixth, 
and  seventh  days  are  somewhat  lower,  the  amonnta  showing  a  general  tendraicy 
to  decrease  as  the  fast  progresses.  The  lowest  result  is  noted  on  the  third  day 
of  the  longest  experiment,  while  on  the  fourth,  sixth,  and  seventh  days,  the 
total  amounts  katabolized  are  nearly  equal  to  those  of  the  second. 

Marked  irregolarities  are  to  be  noted  in  the  katabolism  as  the  fast  progresses 
in  practically  all  the  experiments. 

Storags  of  glycogen. — On  2  of  the  43  fasting  days  here  reported,  the  figures 
indicate  a  storage  of  glycogen.  It  was  hoped  that  the  data  wonld  perhaps 
indicate  the  exact  source  of  the  stored  glycog^,  but,  unfortunately,  the 
instances  of  such  storage  are  too  few  and  the  quantities  stored  too  small  to 
justify  definite  conclusions  from  the  results  as  recorded,  and,  accordingly,  these 
experiments  fail  to  throw  important  light  on  the  much  discussed  question 
r^arding  the  source  of  glycogen. 

It  may  be  questioned  whether  the  analytical  methods  and  the  computations 
need  in  tiese  experiments  are  sufficiently  accurate  to  warrant  the  belief  tliat 
there  is  an  actual  storage  of  glycogen  in  these  two  instances.  But  a  close 
examination  of  the  figures  will  show  that  the  oxygen  consumption  and  carbon 
dioxide  output  may  well  include  a  cleavage  of  protein  or  oxidation  of  fat  to 
form  glycog^.*"  It  is  mach  to  be  regretted  that  definite  experiments  to  study 
this  problem  with  this  apparatus  have  not  aa  yet  been  reported,  although  at  tlie 
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moment  of  writing  experimenta  are  in  progreu  which  will,  it  is  hoped,  con- 
tribute to  the  diBCUMion  of  this  matter. 

Total  glycogen  content  of  the  body. — The  aumnption  has  commonly  been 
made  that  the  total  glycogen  content  of  the  body  is  not  far  from  400  grams. 
By  means  of  phloridzin,  the  glycogen  of  the  body  of  a  dog  has  been  rapidly 
driven  out  in  tiie  nrine,  and  the  data  thna  obtained  famish  information 
regarding  the  glycogen  content  of  the  animal  under  experimentation.  Witii 
man  the  estimations  »n  necessarily  founded  on  a  much  less  scientific  basis. 

The  data  here  presented  give  some  eridence  regarding  the  quantities  of 
glycogen  in  the  body  since  the  total  amounts  kat^wUzed  during  varying  periods 
of  inanition  have  been  computed.  The  greatest  amount  katabolized  during 
the  first  34  hours  without  food  was,  as  haa  previously  been  stated,  181.6  grams. 
The  greatest  output  measured  during  a  S^ay  fast  is  that  of  experiment  No.  85, 
namely,  338  grama.  The  largest  amount  recorded  at  the  end  of  3  days  of 
fasting  ia  that  in  experiment  No.  71,  S33  grams,  a  little  less  than  that  of  the  2 
days  of  experiment  No.  86.  For  4  days  the  largest  recorded  amount  (369 
grama)  is  in  experiment  No.  71.  This  amount  is,  as  a  matter  of  fact,  not 
even  exceeded  by  the  total  glycogen  katabolized  in  the  7  days  of  experiment 
No.  75.  Since  it  is  highly  probable  that  only  a  moderate  portion  of  the  total 
glycogen  of  the  body  is  oxidized  in  a  fasting  man  during  a  period  of  inanition 
no  longer  than  4  days,  it  would  appear  that  the  estimate  of  400  grams  of 
glycogen  for  the  content  of  the  body  is,  if  anything,  too  small  rather  than  too 
large. 

WATER. 

The  factors  involved  in  a  complete  study  of  the  income  and  ontgo  of  water 
during  inanition  are  the  drinking-water  and  the  water  of  urine,  respiration 
and  perspiration,  and  feces.*** 

In  striking  a  water  balance,  the  income,  namely,  water  of  drink,  is  deducted 
from  the  outgo,  i.  e.,  water  of  respiration  and  perspiration,  urine  and  feces. 
There  is  one  factor  affecting  this  balance,  however,  which  must  be  taken  into 
consideration,  namely,  the  portion  of  the  water  of  outgo  which  is  not  preformed 
water  but  represents  the  water  of  oridation  of  the  amounts  of  protein,  fat,  and 
glycogen  katabolized.  As  the  result  of  the  chemical  transformations  in  the 
body,  there  is  an  actual  formation  of  water  from  the  oxidation  of  organic  hydro- 
gen of  body  material  katabolized,  and  henoe  the  output  of  water  may  be  said  to 
consist  of  two  fractions:  first,  preformed  water,  i.  e.,  that  taken  in  the  drink 
or  abstracted  from  the  body  tissues  and  fluids;  and  second,  the  water  of  oxi- 
dation of  organic  hydrogen.  In  experiments  of  the  nature  of  these  here  re- 
ported, where  a  complete  balance  of  intake  and  outgo  ie  attempted,  the  data 
are  available  for  computing  not  only  the  lo§a  from  the  body  of  preformed  water, 
but  also  the  amount  of  water  resulting  from  the  oxidation  of  organic  hydrogen. 
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The  wide  TftriatioDS  in  the  amounts  of  drinking-vater  conBumed  by  the 
different  enhjecte  of  theae  experiments  have  been  discnssed  in  detail  in  an 
earlier  section  (see  p.  348).  The  actual  amotmte  consnmed  per  84  hours  have 
also  been  recorded  in  table  193.  Similarly,  the  oatpnt  of  water  of  respiration 
and  perspiration  baa  received  special  diacnasion  in  a  preceding  section,  as  has 
also  the  amount  of  water  in  the  urine.  It  remains,  therefore,  to  consider  in 
detail  the  amonnt  of  water  of  oxidation  of  organic  hydrogen  and  the  loss  of 
preformed  water. 

Water  of  oxidation  of  organic  hydrogen. — The  water  rcenlting  from  the 
oxidation  of  oi^anic  hydrogen  may  be  directly  computed  from  the  data  for  the 
qnantitieB  of  protein,  fat^  and  glycogen  katabolized  and  the  analysis  of  the 
Qrine.  The  percentages  of  bydrc^n  in  these  componnds  are  known  (see  p. 
37),  and  the  total  quantity  of  organic  hydrogen  contained  in  them  may  he 
computed.  By  deducting  the  organic  hydrogen  in  the  solid  matter  of  the 
urine,  the  total  hydrogen  oxidized  is  obtained.  From  these  data  in  the  different 
experiments,  the  results  for  the  water  of  oxidation  of  organic  hydrogen  as 
recorded  in  table  S39  may  be  obtained.  The  computation  actnally  used  in 
obtaining  these  results  was  slightly  different  in  fonn.  In  the  calculations  of 
the  quantities  of  protein,  fat,  carbohydrate,  and  water  katabolized,  according 
to  the  method  of  simultaneous  equations  {see  p.  38),  the  values  found  for 
water  represent  only  the  preformed  water  involved  in  the  katabolism,  for  the 
organic  hydrogen  of  the  protein,  fat,  and  glyc<^en  had  already  been  appor- 
tioned among  the  various  quantities  of  these  three  compounds.  Deducting 
the  preformed  water,  as  computed  by  the  formulse,  from  the  total  water  output, 
gives  the  values  for  the  water  of  oxidation  of  organic  hydrogen. 

The  water  of  oxidation  of  organic  hydrogen  is  dependent  upon  the  amonnts 
of  protein,  fat,  and  glycogen  katabolized,  and  in  nearly  every  case  the  amounts 
decrease  as  the  fast  progresses.  The  largest  amount  in  the  fasting  experiments 
occurred  on  the  second  day  of  experiment  Ko.  63,  and  the  smallest  amount  on 
tiie  seventh  day  of  experiment  No.  75.  The  average  water  of  oxidation  for 
all  the  fasting  experiments  is  309  grams,  corresponding  to  the  ozidatioD  of 
33.4  grams  of  oi^anic  hydrogen.  The  factors  affecting  the  amounts  of 
protein,  fat,  and  glyct^en  katabolized,  therefore,  obviously  affect  the  amounts 
of  organic  hydrogen  oxidized. 

Each  gram  of  organic  hydrogen  oxidized  in  food  or  body  material  is  accom- 
panied by  a  total  liberation  of  about  70  calories  of  ene^ty.""  The  comparison 
of  the  organic  hydrogen  oxidized  in  these  experiments  with  the  total  heat 
output  is  deferred  to  the  discussion  of  the  heat  elimination. 

Loss  of  preformed  tpater. — ^Wbile  the  water  of  oxidation  of  organic  hydrogen 
is  directly  proportional  to  the  amounts  of  hydrogen  in  the  protein,  fat,  and 
glytt^n  katabolized,  and  is,  therefore,  not  properly  to  be  considered  in  a  water 

*"  See  tbe  computations  made  by  MaguuB-Levr.  FhrBfologle  des  StoffwectiSflli>' 
(1905),  p.  424.  Thus  during  fasting  32  grams  o(  hydroESD  corresponds  to  a  total 
heat  output  of  not  far  from  2300  calories. 
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balance,  an  entirely  distinct  set  of  factors  determines  the  loss  of  preformed 
water.  The  compntation  of  the  ontpnt  of  preformed  (katabolized)  water  has 
already  been  diBcaseed.  Dedncting  from  this  the  water  of  drink,  the  lose  of 
preformed  water  is  obtained.  The  amoonta  of  this  loBs  from  the  body  during 
inanition  are  given  in  table  229. 

In  one  instance  there  is  an  actnal  gain  of  preformed  water  to  the  body  noted, 
namely,  on  the  first  day  of  eiperiment  No.  75.  The  most  strikiDg  feature  of 
these  reenlts  is  the  very  large  amount  of  water  lost  during  inanition.  It  is 
to  be  remembered  that  all  these  subjects  were  supplied  with  drinking-water, 
and  hence  it  is  fair  to  assume  that  the  needs  of  the  body,  so  far  as  thirst  would 
dictate,  could  be  folly  met.  It  is  furthermore  to  be  noted  tiiat  in  some 
instances,  the  snbjects  actnally  drank  enormous  volumes  of  water,  so  it  is 
probable  that  the  body  was  liberally  supplied,  and  yet  in  a  majority  of  Lnstances 
the  subjects  continually  lost  preformed  water  from  the  body. 

The  source  of  this  loss  is  difficult  to  determine.  It  has  generally  been  con- 
sidered that  the  katabolism  of  protein  results  in  the  breaking  down  of  flesh 
which  contains  a  considerable  amount  of  water.  Assuming  that  each  gram 
of  protein  is  combined  with  water  to  form  i.9  grama  of  flesh,  the  total  amount 
of  water  resulting  from  the  katabolism  of  the  flesh  on  each  day  of  the  ezperi- 
menta  may  be  determined  by  multiplying  the  weight  of  protein  by  the  factor 
3.9.  The  amounts  of  water  thus  computed  are  recorded  in  column  a  of  the 
table.  If  it  be  assumed  that  in  the  katabolism  of  the  various  amoonta  of  flesh, 
the  water  was  liberated  and  excreted,  it  is  seen  that  in  a  majority  of  experi- 
ments the  water  from  the  katabolism  of  flesh  is  but  a  small  part  of  the  total 
loss  of  preformed  water.  Especially  is  this  true  in  a  ntmiber  of  the  shorter 
expaiments.  The  figures  show,  however,  no  relation  whatever  between  the 
quantity  of  protein  and  fieeh  katabolized  and  the  loss  of  preformed  water,  and 
we  are  forced  to  the  conclusion  that  if  the  water  of  the  flesh  is  excreted  as 
preformed  water,  it  forms  but  a  small  portion  of  the  total,  specially  in  the 
first  daya  of  inanition.  Thus  it  would  appear  that,  at  least  in  short  experi- 
ments during  inanition,  there  was  a  groBS  error  involved  in  Qie  calculations  of 
the  lose  of  water  frequently  made  on  the  basis  of  flesh  katabolized.  It  is  clear, 
therefore,  that  in  the  earlier  days  of  fasting,  the  body  may  lose  very  much 
larger  amounts  of  water  than  are  represented  by  the  water  of  flesh  katabolized. 

A  comparison  of  the  amounts  of  fat  and  carbohydrate  kataboHzed  with  the 
loss  of  preformed  water  on  the  different  days  is  likewise  inconclusive. 

It  is  conceivable  that  the  glycogen  in  the  liver  and  muscles  holds  a  certain 
amount  of  water  as  water  of  hydratJon,"  but  there  is  as  yet  no  evidraice  to 
warrant  this  aasumption.  In  certain  of  the  experiments  it  may  appear  that 
the  large  amounts  of  glycogen  katabolized  were  coincident  with  the  Urge 
losses  of  preformed  water,  but  there  are  a  number  of  marked  exceptions  to 
this  parallelism  and  no  definite  deduction  can  he  drawn. 


"  See  HagnoB-Levr,  loc  cit. 
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368 

965 

+    713 

208 

Apr.  10-11,  1006 

257 

937 

+    870 

192 

Apr.  11-12,1806 

288 

678 

+  810 

188 

79 

H.B.8. 

Oct.   18-14,  1906 

190 

881 

+   471 

230 

Oct.   14-16,  190B 

33B 

969 

+  838 

216 

80 

C.R.T. 

Oct.  87-88,1906 

188 

1888 

-f-1600 

317 

Oct  38-89,1906 

288 

1886 

+  1183 

834 

81 

A.H.U 

:   Not.  81-29,1906 

218 

75S 

+   640 

186 

Not.  aa-38,  1906 

306 

1083 

+  777 

170 

SS 

H.C.K. 

Not.  84-36,  1906 

280 

267 

+     47 

868 

Not.  85-86,1806 

888 

1837 

+  991 

381 

88 

H.B.D. 

Dec.     S-  6,  1905 

810 

188 

-   143 

800 

Dee.     «-  7,  1906 

808 

+   388 

197 

8a 

N.M.P. 

Deo.     9-10,1905 

866 

1010 

+   7*4 

340 

Dec.  10-11,  1906 

886 

497 

+    331 

262 

89 

D.W.t 

Jm.  10-11,1906 

884 

1056 

+   833 

848 

Jut.  11-13,  1906 

388 

894 

+   866 

244 

Dec.  30-21,190* 

Dec.  91-32,  1904.... 

830 

804 

-     80 

244 

Dec.  38-23,1904 

838 

-150 

-  388 

375 

78 

B.A.B. 

Jan.  11-13,  1906 

349 

38 

-  811 

184 

74 

8.A.B. 

Feb.     3-3,1906 

361 

-  63 

-  303 

184 

Feb.     8-4,1906 

198 

-108 

-  399 

186 

Feb.    4-  6,  1905 

159 

-137 

-  888 

187 

78 

6.A.B. 

388 

179 

-     S» 

191 

Mar.  13-18,1906 

187 

-38B 

-  463 

194 

Mar.  13-14,1905 

183 

10 

-  178 
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Knowing  that  the  fat  in  the  body  does  not  hold  material  amoants  of  water, 
it  is  hardly  conceivable  that  the  ezcretion  of  prefonned  water  should  have  anj 
relation  to  the  fat  katabollzed  and  an  inspection  of  the  figures  here  given  showa 
that  no  such  relation  can  be  observed. 

With  the  enormous  amounts  of  drinking-water  consumed  by  some  of  these 
subjects,  it  may  appear  that  the  loss  of  preformed  water  was  in  a  measure 
influenced  by  the  quantities  of  drinking-water  consumed.  Here  again  oom- 
psjisons  fail  to  show  any  clear  relationship.  For  example,  it  might  be  expected 
that  with  large  amounts  of  drinking-water,  the  body  would  be  superchaiged 
with  it  and  thus  a  minimum  loss  of  preformed  water  occur,  and  yet  in  some 
of  the  experim^is,  where  the  largest  loss  occurred,  the  subjects  consumed  rery 
liberal  amounts  of  drinking-water. 

Although  no  relation  can  be  clearly  seen  between  the  quantities  of  protein, 
fat,  and  glycf^en  katabolized  and  the  loss  of  preformed  water,  there  is  one 
factor  which  has  previously  been  treated  in  this  report,  which  apparently  has 
some  relation  to  this  loss.  That  factor  is  the  ratio  between  the  amount  of 
wat«r  in  urine  and  the  water  in  drink,  discnseed  on  page  348.  This  ratio 
has  been  given  in  column  e  of  table  193.  Comparing  the  ratios  in  this  column 
with  the  losses  of  preformed  water,  It  is  noted  that  when  there  is  a  high  ratio, 
there  is  a  large  loss  of  preformed  water.  This  is  to  be  expected  since  the 
qaantities  of  water  of  respiration  and  perspiration  remain  relatively  constant 
throughout  the  fasts. 

An  examination  of  the  figures  for  the  longer  fasting  experiments  shows  that, 
in  general,  the  loss  of  preformed  water  becomes  less  and  less  as  the  fast  pro- 
gresses, and  from  a  comparison  of  the  amoonts  of  water  lost  with  the  water 
of  flesh  katabolized  in  the  case  of  experiment  No.  75,  it  might  appear  tiiat 
during  the  earlier  days  of  fasting,  there  is  a  very  considerable  loss  of  pre- 
formed water  to  the  body  other  than  that  of  the  protein  katabolized,  and  that 
as  the  fast  progresses  this  extra  loss  of  water  diminishes  until,  on  the  sixth 
and  seventh  days  of  fasting,  the  water  of  flesh  katabolized  corresponds  to  the 
preformed  water  lost.  Apparently,  at  the  beginning  of  the  fast  there  is  no 
connection  whateva  between  the  preformed  water  lost  and  the  other  factors 
of  katabolism.  It  seems,  therefore,  that  the  body  must  have  a  large  residuum 
of  water  other  than  that  in  muscle  and  glands.  In  the  muscl^  the  ratio  of 
the  organic  matter  to  the  wafer  is  presumed  to  be  very  fixed.  Indeed,  until 
recently*"  it  was  believed  to  be  impossible  to  separate  the  juice  from  fresh 
muscle  material  by  even  the  highest  pressures. 

Evidently  there  is  a  large  amount  of  preformed  water  in  the  body  aside 
from  that  in  the  protein  of  flesh  or  gland.  It  must  be  borne  in  mind,  how- 
ever, that  these  conclusions  are  drawn  from  only  one  experiment,  although  it 
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should  also  be  added  that  the  reenltB  on  the  fifth  day  of  experiment  No.  73 
indicate  the  gradual  approach  of  the  loss  of  water  to  that  of  the  water  in  the 
flesh.  The  results  of  the  fifth  day  of  experiment  No.  75  show  a  loss  of  pre- 
formed water  lees  than  that  of  preformed  water  in  the  fiesh  katabolized,  so 
that  the  extremely  close  figures  of  the  sixth  and  seyenth  days  of  the  experiment 
may  have  been  a  coincidence.  NevertheleBs,  the  general  trend  of  the  experi- 
mente  is  te  indicate  an  approaching  equilibrium  toward  the  end  of  a  prolonged 
fast  It  was  thus  seen  that  the  excess  of  water  in  the  body  wag  practically  all 
eliminated  by  about  the  fifth  day  of  fasting,  and  that,  thereafter,  the  loss  of 
water  was  determined  in  large  measure  by  the  flesh  katebolized. 

It  would  be  interesting  to  compute  the  water  balance  of  experiments  in  which 
the  period  of  inanition  was  much  longer  than  any  of  these  here  reported. 
Unfortunately  the  exact  date  for  guch  comparison  are  lacking. 

As  a  result  of  these  observations,  and  specifically  the  results  obteined  in 
experiment  No.  76,  it  may  be  contended  that  the  preformed  water  in  the  body 
exists  in  two  forms,  first,  that  which  has  a  more  or  leas  fixed  relation  to  the 
quantity  of  protein,  and,  second,  a  residuum  of  water  retained  in  a  manner  not 
ae  yet  clear.  However  definite  the  apparent  proportion  of  protein  and  water 
in  flesh  during  normal  nutrition,  Lichtenf elt ""  hss  shown  that,  at  least  with 
fish,  during  inanition  there  is  a  relatively  increased  amount  of  water  in  the 
flesh,  and  consequently  the  proportions  of  protein  and  water  in  flesh  are  by 
no  means  as  fixed  as  the  factors  commonly  used  would  imply.  These  experi- 
mente  with  fasting  men  imply  that  in  addition  to  the  water  held  as  water  of 
flesh,  there  is  a  very  considerable  residuum  of  water  in  the  body.  This  resid- 
unm  may  be  drawn  upon  during  the  early  days  of  inanition.  The  ingestion  of 
large  amounte  of  water  does  not  prevent  ite  loss,  although  in  numerous  instances 
during  a  long  period  of  inanition,  when  the  amount  of  drinking-water  was 
greatly  increased,  there  was  a  marked  retention  of  water  by  the  body. 

Several  experiments  point  toward  this  view.  For  example,  on  the  tenth  and 
thirteenth  days  of  Succi's  fast  in  Naples,  there  were  large  quantities  of  water 
consumed  with  a  very  small  elimination  of  urine.*"  It  is  reasonable  to  sup- 
pose that  the  muscular  activity  on  these  days  was  not  greatly  in  excess  of  that 
on  the  preceding  daye,  and  he  most  have  stored  considerable  amonnte  of  water 
in  the  body.  This  observation  has  likewise  been  noted  in  a  number  of 
instances  in  ezperimente  immediately  following  a  fast. 

It  is  unfortunate  that  the  exact  date  have  been  recorded  in  no  instances  and 
Qi6  comparison  is  at  beet  unaatiBfactory.     If  water  is  stored  in  the  body  during 

"Loc  cit. 

"In  striking  contrast  to  these  results  Is  the  observation  of  BrngBch  (IS)  that, 
while  the  drlnUns-water  and  urine  excretkHi  of  Snecl  during  the  Hamburg  fast 
had  been  constant  at  750  cc  and  600  cc,  reapectlvely.  on  the  thirteenth  day  the 
water  of  drink  was  Increased  to  over  1000  cc.  and  Blmnltaneonsly  the  urine 
Increased  bj  about  a  corrcapondtng  amount 
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a  fast  it  ia  clear  that  the  tisauee  of  the  body  have  the  power  of  abaorbing  and 
Tetaining  water  other  than  ae  water  of  fleeh.  Contrary  to  this  view  ia  the 
fact  observed  that  there  are  no  material  variations  in  the  density  of  the  blood, 
and  the  exact  place  where  this  excess  water  accumolatea  ia  as  yet  unexplained. 

If  the  deductions  based  upon  experiment  No.  76  are  correct,  it  is  especially 
interesting  to  note  that,  of  all  the  factors  of  katabolism  during  inanition,  the 
excretion  of  residnum  water,  other  than  that  combined  with  the  flesh,  alone 
ceases  on  the  aixth  day.  The  katabolism  of  protein  as  shown  by  the  experi- 
ments with  Snoci  may  continue  for  30  or  more  days.  Certainly  there  is  a 
large  amount  of  fat  left  in  tbe  body,  even  after  prolonged  inanition,  and  ex- 
periments on  animala  would  imply  that  there  are  also  small  amounts  of  glyco- 
gen remaining  in  the  body  after  prolonged  inanition.  Similarly,  the  skeleton 
may  be  drawn  npon  peraiatently  throughout  the  whole  of  the  fast,  but  the  re- 
sults of  this  7-day  experiment  euggest  that  the  residuum  or  excess  water  in 
the  body  ia  wholly  eliminated  by  the  end  of  a  5-day  fast 

Effect  of  inanition  on  the  proportion  of  water  in  f&e  body. — Since  the  total 
katabolism  ia  measured  in  these  experiments,  it  ia  of  interest  to  compare  the 
loeaea  of  solid  matter  with  those  of  water.  From  the  data  regarding  the 
amounts  of  protein,  fat,  glycogen,  and  ash  katabolized  and  preformed  water 
lost  from  the  body,  the  proportion  of  water  to  total  solid  matter  leaving  the 
body  during  inanition  may  be  computed. 

In  table  230  are  recorded  tbe  weights  of  solids  katabolized,  i.  e.,  the  amounts 
of  protein,  fat,  glycogen,  and  ash,  the  loss  of  preformed  water,  and  the  per  cent 
of  tbe  total  lose  due  to  water.    The  data  are  given  only  for  the  longer  fasta. 

The  total  weight  of  solid  material  katabolized  may  vary  from  217  to  341 
grams,  while  the  loss  of  preformed  water  in  these  experiments  ranges  from  203 
to  965  grams.  In  one  instance,  namely,  on  the  first  day  of  experiment  No.  75, 
there  was  an  absolute  gain  of  preformed  water  to  the  body.  The  total  loss 
may  be  aa  high  aa  1236  grama.  An  examination  of  the  figures  in  the  last 
column  of  the  table  ahows  that  the  per  cent  of  total  loss  due  to  water  varies 
within  considerable  limits,  tbe  lowest,  41.1  per  cent,  being  on  the  tiiird  day  of 
experiment  No.  69,  and  the  highest,  78.6,  on  the  second  day  of  experiment 
No.  77.  The  daily  averages  for  the  5  experiments  given  in  the  table  are  54.4, 
62.0,  63.2,  59.6,  and  75.3  per  cent,  respectively. 

Since  it  is  commonly  assumed  that  the  body  contains  approximately  60 
per  cent  of  water,  it  is  seen  that  the  proportions  of  water  to  solid  matter  in 
the  material  lost  are  not  widely  different  from  those  occurring  in  ihe  body. 

In  experiment  No.  €9,  tbe  per  cent  of  water  lost  is  much  lower  than  the 
average  (60  per  c^it)  and  in  experiment  No.  77  tiie  loss  is  mncb  lareer  f76.3 
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If  the  weight  of  the  Bkeleton  be  dednctod  from  that  of  the  body  the  pro- 
portioQ  of  vater  is  the  fleeb  uid  other  tiesnes  ia  considerably  greater  than 
60  per  cent  AsBmning  such  an  increased  percentage,  from  the  reUtiTe 
amonnts  of  water  lost  during  inanition  it  wonld  appear  that  the  observations 
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of  Lichtenf elt  "*  on  the  flesh  of  fish  daring  inanition  are  likewise  true  for 
the  flesh  of  fasting  man,  i.  e.,  inanition  resnlts  in  an  increase  in  the  proportion 
of  water  in  the  body. 
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ENERGY. 

In  common  with  all  liviiig  organisme,  fastiiig  man  ia  constantly  prodncing 
and  glviDg  off  heat  as  a  result  of  kataboliem.  The  amounts  of  heat  produced, 
the  BOtirce  of  the  energy,  the  factors  infiuencing  heat  prodnction,  and  all  allied 
topics  hare  an  unusual  interest  when  studied  with  fasting  man. 

Likhacher  *"  experimented  on  a  man  fasting  for  24  hoars  in  the  Pashutin 
respiration  apparatus  modified  so  as  to  permit  the  direct  measurements  of  heat 

It  has  been  necessary  in  all  other  inanition  experiments  to  compote  the 
energy  transformations  from  the  data  for  the  total  katabolism,  and  since  there 
was  DO  means  of  ascertaining  whether  the  katabolized  material  other  than 
protein  consisted  of  fat  or  glycogen,  it  was  assumed  that  it  was  all  fat  Hence, 
the  computations  of  the  energy  transformations  were  subject  to  all  the  erron 
incidental  to  the  determination  of  the  amounts  of  katabolized  protein  and  fat 
The  measure  of  the  protein  katabolism  was  essentially  that  nsed  in  the  present 
day,  but  we  have  seen  from  the  foregoing  discussions  that  the  amounts  of  fat 
katabolized  as  computed  from  the  total  carbon  output  and  the  carbon  of  pro- 
tein are  materially  different  from  those  determined  by  the  present  method,  in 
which  the  direct  measurement  of  the  oxygen  consumption  permits  an  apportion- 
ment of  the  total  katabolism  as  protein,  fat,  and  glycogen.  The  oxidation  of 
one  gram  of  carbon  in  the  form  of  glycogen  gives  rise  to  much  less  heat  than 
the  oxidation  of  one  gram  of  carbon  in  the  form  of  fat,  and  hence  the  energy 
transformations  computed  on  the  assumption  that  only  fat  and  protein  were 
burned  in  the  body  must  of  necessity  be  erroneous. 

In  the  experiments  here  reported,  not  only  were  the  total  amounts  of 
katabolized  protein,  fat,  and  glycogen  computed,  but  the  type  of  apparatus  also 
permitted  direct  determinations  of  the  amounts  of  heat  eliminated.  Since 
there  were  varying  amounts  of  heat  residual  in  the  body  at  the  end  of  the 
different  days  of  the  different  experimeute,  corrections  were  applied  to  the 
heat  elimination  to  obtain  the  actual  heat  production.    (See  discussion,  p.  46.) 

For  the  purpose  of  comparing  the  estimated  energy  derived  from  material 
oxidized  in  the  body,  the  heat  production  rather  than  the  heat  elimination 
must  be  used.  Heat  elimination  will  first  be  considered  in  the  following 
discussion,  and  then  the  heat  production.  Aside  from  the  kinetic  energy 
leaving  the  body  there  are  considerable  amounts  of  potential  energy  excreted 
in  the  nnoxidized  material  of  the  urine.  For  this  reason,  a  particular  section 
of  the  report  is  reserved  for  the  discussion  of  the  energy  of  the  urine. 

HBA.T  ELIHIN ATION. 

The  calorimetric  features  of  the  respiration  calorimeter  were  devised  for 
the  special  purpose  of  measuring  directly  the  heat  eliminated  by  man. 

The  tests  of  the  accuracy  of  the  apparatus  have  been  numerous  and  severe, 
and  in  practically  every  instance,  the  results  obtained  have  been  all  that  could 

«DlBBeFUUoD,  Bnmlan  (1S93),  St.  Petersburg. 
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be  desired,  indicatiiig  an  error  of  Bomewhst  less  than  1  per  cent.  Difficnltiea 
attending  the  control  of  the  temperature  of  the  room  in  which  the  experiments 
have  been  made  and  minor  discrepancies  in  the  manipulation  of  the  apparatuB 
by  assistants  with  varying  degrees  of  skill  have  undoubtedly  introduced  errors 
of  slight  magnitude  that  are  not  compensated  and  are  not  absolutely  known. 
It  is  believed  that  in  a  large  majority  of  the  experiments  here  reported,  the 
accuracy  of  the  heat  measurement  is  well  within  1  per  cent.  In  some  instances 
the  error  may  be  greater  than  this  but  in  no  case  could  it  have  amounted  to 
5  per  cent 

Heat  can  leave  the  body  in  a  number  of  different  ways.  The  larger  portion 
of  the  heat  is  lost  by  radiation  and  conduction;  a  certain  amount  is  used  to 
warm  the  inspired  air;  the  urine  and  feces  carry  away  measurable  amounts 
of  heat;  finally  large  qnantities  are  necesBary  to  vaporize  the  water  eliminated 
from  t^e  lungs  and  surface  of  the  body.  Aside  from  the  measurement  of  these 
factors,  there  are  the  numerous  corrections  which  have  to  deal  with  the  actual 
heat  production  during  the  period  of  the  study,  corrections  which  receive  spe- 
cial subsequent  treatment. 

The  heat  lost  by  radiation  and  conduction,  together  with  that  required  to 
warm  the  inspired  air  is  measured  by  the  amonnt  of  water  passing  through  the 
beat  absorbers  and  the  temperature  through  which  this  water  is  raised.  The 
amonnt  of  heat  thus  measured,  however,  includes  also  the  heat  lost  from  the 
urine  and  feces  that  are  allowed  to  cool  to  the  temperature  of  the  calorimeter 
before  being  removed.  From  the  weights  and  specific  heats  of  urine  and 
feces  and  the  difference  between  the  body  temperature  and  the  temperatore  of 
the  calorimeter,  the  amount  of  heat  lost  by  this  means  can  be  computed.  It 
is  recorded  for  the  experiments  here  published  in  table  S31,  column  c.  The 
amount  of  heat  required  to  warm  the  inspired  air  from  the  temperature  of  the 
calorimeter  to  that  of  the  body  may  be  obtained  by  the  use  of  four  factors: 
the  total  ventilation  of  the  longs,  the  weight  of  a  liter  of  air,  the  specific  heat 
of  air,  and  the  difference  between  the  temperature  of  the  calorimeter  and  that 
of  the  body.  The  volume  of  the  inspired  air  has  been  computed  and  the  total 
ventilation  of  the  lungs  is  given  in  column  a  of  table  S20.  Since  these  results 
are  recorded  in  liters  reduced  to  standard  conditions  of  temperature  and 
pressure,  the  weight  of  air  warmed  is  obtained  by  multiplying  the  total  venti- 
lation by  1.393,  the  weight  of  a  liter  of  air  at  standard  conditions  of  tempera- 
ture and  pressure.  Prom  the  weight  of  air,  its  specific  heat*  and  the 
difference  between  the  body  temperature  and  that  of  the  chamber,  the  amonnt 
of  heat  actually  required  to  warm  this  inspired  air  may  readily  be  computed. 

Deducting  from  the  total  heat  brought  away  by  the  water  current  the  beat 
from  the  feces  and  urine  and  that  required  to  warm  the  inspired  air,  leaves  the 
heat  of  radiation  and  conduction,  which  is  recorded  in  tiie  first  column  of 
table  331. 

■"The  specific  beat  of  air  has  been  taken  aa  0.287. 
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The  heat  of  Tsporizstion  of  vftter  ia  taken  as  0.692  calorie  per  gram,  and 
by  meaoB  of  this  factor  and  ttie  weight  of  water  vaporized  from  the  body,  the 
energy  absorbed  by  the  water  is  compnted.  The  weights  of  water  vaporized 
from  the  lungs  and  eldn  are  recorded  in  colomns  d  and  e  of  table  220,  and  the 
energy  absorbed  in  their  vaporization  is  recorded  in  columns  d  and  e,  of  table 
S31,  the  total  heat  required  to  vaporize  all  the  water  being  recorded  in 
colomn  f. 

The  total  heat  elimination  for  the  different  days  of  the  experiment  ia 
recorded  in  coltmm  g.  It  is  to  be  noted  that  these  values  are  not  identical 
vitti  those  given  elsewhere  for  the  total  heat  prodnctioa,  and  it  must  be  borne 
in  mind  that  heat  elimination,  as  distinguished  from  the  heat  production,  ia 
here  under  discussion.  The  proportions  of  the  total  heat  eliminated  from  the 
body  in  the  variona  ways  have  been  computed  and  recorded  in  colnnmH  hiom 
inclusive. 

From  these  data,  it  may  be  seen  that  not  far  from  76  per  cent  of  the  total 
heat  eliminated  leaves  the  body  by  radiation  and  condnction;  2.3  per  cent  is 
utilized  in  warming  the  inspired  air;  as  a  rule  leas  than  2  per  cent  is  given 
up  by  the  excreta;  about  10  per  cent  is  required  to  vaporize  the  water  from 
the  lungs ;  and  12  per  cent  ia  required  to  vaporize  the  water  from  the  skin. 

The  individual  fluctuations  from  these  averagea  are  noticeable  chiefly  in  the 
heat  of  urine  and  feces,  which  is  to  be  expected  from  the  marked  variations  iu 
the  volume  of  urine  excreted.  All  the  other  factors,  while  varying  somewhat, 
are  relatively  constant,  and  the  average  of  these  experiments  witii  fasting  men 
at  rest  shows  that  1440  calories  are  eliminated  by  radiation  and  conduction, 
44  calories  are  required  to  warm  the  inspired  air,  Z2  calories  are  given  oBF  by 
the  urine  and  feces,  424  calories  appear  in  the  water  vaporized  from  the  lungs 
and  skin,  the  total  average  heat  elimination  being  1931  calories. 

No  noticeable  abnornulities  are  to  be  observed  in  the  similar  data  for  the 
experiments  with  food. 

HBAT  PSODDOnOH 
In  the  katabolism  of  protein,  fat,  and  glyc<^en  during  inanition,  heat  ia 
produced.  A  oompariflon  of  the  heat  production  with  the  katabolism  can  not 
be  made  by  simply  measuring  the  heat  lost  from  the  body  through  radiation, 
conduction,  and  vaporization  of  water.  The  principles  involved  in  the  compa- 
tation  of  this  production  as  distinguished  from  the  heat  elimination  have 
already  been  discussed  in  considerable  detail  in  connection  witii  experiment 
No.  59  (see  p.  46).  It  is  only  necessary  to  call  to  mind  here  that  changes  in 
body-weight  and  body  tonperature  are  theoretically  at  least  of  great  importance 
in  determining  the  heat  production  as  distingnished  from  the  heat  elimination. 
As  the  fast  progresses,  the  body  loses  weight  The  material  lost  ia  cooled  from 
the  temperature  of  the  body  to  the  temperature  of  the  calorimeter,  but  the 
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beat  given  oS  by  the  cooling  of  tbis  material  does  not  repreeent  beat  actnally 
prodnced  from  katabolism.  The  discnssion  which  followa  deals  specifically 
with  heat  production  and  takes  into  account,  therefore,  the  heat  ebmiuation 
corrected  for  energy  gained  or  lost  because  of  changes  of  body-weight  and 
body  temperature.  Tbe  results  for  the  measured  heat  production  aie  recorded 
for  all  experiments  without  food  in  table  232,  together  with  the  distribution  of 
rates  and  proportions  over  the  main  periods  of  the  day. 

By  a  comparison  of  tbe  first  column  of  table  232,  which  gives  the  total  heat 
production  in  24  hours,  with  column  g  of  table  231,  which  gives  the  total  heat 
elimination,  some  conception  can  be  had  of  the  variations  due  to  the  corrections 
for  changes  in  body  temperature,  body-weight,  eto.  It  is  surprising  bow  slight 
is  the  variation  between  the  difEerent  eitperimente.  Thus,  the  average  heat 
production  for  all  tbe  fasting  experimeDls  is  1924  calories,  while  the  beat 
elimination  for  the  same  series  is  1931  calories.  It  might  seem  that  the  heat 
elimination  may  be  taken  as  the  measure  of  the  heat  production,  and  indeed  in 
fasting  ezperiments  tbe  correctness  of  this  assomption  is  fairly  well  estab- 
lished, since  the  corrections  for  tbe  heat  production  are  more  or  less  compen- 
sating. When  the  data  for  shorter  periods  are  desired,  however,  it  is  of 
extreme  importance  that  tbe  beat  production  rather  than  the  beat  elimination 
be  used.  Tbe  beat  production  and  heat  elimination  in  experiment  Ko.  59 
were  determined  not  only  for  the  24  hours  but  also  for  the  3-hour  periods  (see 
table  17).  The  differences  between  tbe  beat  production  and  heat  elimination 
for  3-hour  periods  are  much  more  marked  thwi  for  the  day. 

The  distribution  of  tbe  beat  production  over  tbe  &>hour  periods  has  been 
computed  and  given  in  table  332.  The  proportion  of  the  total  heat  in  24 
hours  produced  for  each  period  has  likewise  been  calculated  and  recorded  in 
the  table.  As  is  to  be  expected  the  greater  amount  is  produced  during  the 
day  period.  This  is  in  harmony  with  the  conception  tiiat  muscular  activity 
determines  in  large  measure  the  heat  production,  for  even  though  these  are 
distinctively  rest  experiments,  the  muscular  activity  is  obviously  greater  in 
the  day  time  than  at  night.  The  fact  that  in  some  of  the  experiments  the 
subjects  spent  not  a  little  time  sleeping  during  the  day  would,  however,  tend 
to  more  nearly  equalize  the  heat  production  of  the  first  IS  hours  of  the  day 
with  the  last  twelve.  Reference  to  the  detailed  records  of  the  body  movements 
will  show  during  which  hours  the  subject  was  asleep.  The  results  show  that 
tbe  heat  during  the  last  period  of  the  night,  i.  e.,  from  1  a.  m.  to  7  a.  m.  is 
more  nearly  uniform  on  tbe  different  days  of  the  fasting  experiments  than 
during  any  other  period.  However,  there  is,  as  a  rule,  a  decrease  in  beat 
production  during  ttiis  period  of  the  night  as  the  fast  progresses. 

The  irregularities  in  muscular  activity  in  the  day  time  render  any  comparison 
of  the  different  experiments,  and  indeed  different  days  of  the  same  experiment, 
extremely  difBcult.     It  is  only  by  taking  into  account  the  total  sum  of  body 
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moTements  that  any  intelligent  comparison  can  be  made.  In  faeting  experi- 
menta  anch  ae  thoee  here  reported,  in  which  the  subjects  were  distinctiy 
inactive,  the  proportions  of  the  total  heat  for  34  hours  are  about  erenlj 
divided  among  the  periods.  The  average  of  all  the  fasting  experiments  shows 
that  38  per  cent  of  the  heat  was  produced  between  7  a.  m.  and  1  p.  m.,  36.3 
per  cent  between  I  and  7  p.  m.,  34  per  cent  from  7  p.  m.  to  1  a.  m.,  and  31.8 
per  cent  from  I  to  7  a.  m. 

When  these  men  were  asleep  the  heat  production  per  hour  averaged  70 
calories.  Considerable  varistiona  in  the  quantities  produced  per  honr  may  be 
observed,  not  only  with  different  subjects,  but  with  the  same  subjects  in 
different  experiments.  The  unnsaally  large  production  of  115  calories  of 
beat  per  hour  during  the  first  period  of  the  first  day  of  experiment  'So.  71  is 
dae  to  the  fact  that  during  Uiis  period  the  subject  rode  for  10  minutes  on  the 
bicycle  ergometer.  In  no  other  period  with  this  subject  did  the  heat  pro- 
duction rise  to  over  98  calories  per  hour.  The  lowest  heat  production  recorded 
in  any  experiment  was  66  calories  per  hour.  This  small  amount  was  produced 
in  the  last  period  of  the  last  day  of  the  two  longest  experiments,  Noa.  73 
and  76.  In  explanation  of  these  irregularities  reference  must  be  made  to  the 
notes  in  the  diaries  of  the  subjects  and  records  of  body  movements  previously 
recorded  and  to  ttie  estimates  of  muscular  activity  given  beyond. 

Heat  production  per  Mlogram  of  body-weight  and  per  square  meter  of  body 
surface. — The  irregularities  in  the  heat  production  noted  in  the  fasting  experi- 
ments reported  herewith  may  be  accounted  for  in  several  ways:  First,  there 
may  be  marked  differences  in  moscukr  activity.  This  factor  receives  special 
discussion  elsewhere  (see  p.  484).  Second,  there  may  be  a  difference  in  size 
of  the  different  subjects  and  consequently  the  total  heat  production  per  kilo- 
gram of  body-weight  is  of  value  in  comparing  the  different  experiments.  For 
other  comparisons  commonly  made  by  physiologists,  the  production  per  square 
meter  of  body  surface  is  likewise  of  value. 

The  heat  produced  per  kilogram  of  body-weight  and  per  square  meter  of 
body  surface  has  been  computed  for  all  of  these  fasting  experiments  and  is 
recorded  in  table  333.  The  results  for  the  food  experiments  Nob.  70,  73,  74, 
and  76  are  also  included  in  the  table. 

The  average  heat  production  per  kilogram  of  body-weight  for  the  first  day 
of  the  18  experiments  with  and  without  food  was  30.7  calories.  The  range 
is  from  26.6  to  34.6  calories,  but  the  results  in  the  large  majority  of  the  experi- 
ments were  very  close  to  the  general  average.  On  the  second  day  the  average 
is  over  1  calorie  greater,  i.  e.,  31.8.  The  fiuctuations  range  from  28.6  to 
36.9  calories.  The  average  heat  production  per  kilogram  of  body-weight  on 
ihe  third  day  is  31.0  calories  and  on  the  fourth,  fifth,  sixth,  and  seventh  days, 
the  averages  are  39.6,  38,5,  27.5,  and  28,0  calories,  respectively.  There  is, 
then,  a  distinct  tendency  for  the  heat  (per  kilogram  of  body-weight)  to 
decrease  after  the  second  day. 
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Since  the  fonnnla  for  compoting  body  surface  is  dependent  upon  body- 
weigh^  the  floctostions  obeerred  in  the  heat  prodoction  per  kilogram  of 
body-weight  likewiee  appear  wb^i  compuied  on  the  basis  of  pet  square  meter  of 
body  surface.    The  average  production  per  square  meter  of  body  Burface  on 
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tbe  fiist  day  of  all  the  experimeots  tsb  998  caloneo.  On  the  eecond  day  the 
average  was  somewhat  higher,  1028  calories,  while  on  the  third  day,  it  was 
noticeably  less,  991  calories.  The  averages  for  the  fourth,  fifth,  sixth,  and 
aevenUi  days  were  938,  886,  867,  and  869  calories,  respectively.  These  reanltB 
show  in  g^ieral  a  tendency, for  the  heat  production  per  square  meter  of  body 
surface  te  diminish  after  the  second  day  of  fasting.  The  presence  of  regults 
for  food  experiments  in  the  cslcolationB  (aside  from  those  for  experiment  No. 
70)  has  no  material  influence  on  the  trend  of  the  averages.  While  the  con- 
stancy of  the  beat  production  per  sqnare  meter  of  body  snrface  in  all  dasaes 
of  aziimals  has  been  emphasized  in  many  discossions,  it  may  be  observed  that 
even  with  fasting  man  at  rest,  there  are  marted  flnctoations  in  this  factor,  and 
here  again  variations  in  internal  and  external  muscular  activi^  may  account 
for  these  seeming  discrepancies  in  the  heat  production  per  square  meter  of 
body  surface. 

MUBOnLAB  AOnVITT. 

This  series  of  experimente  was  made  upon  fasting  men  at  muscular  rest, 
and  yet  as  has  been  repeatedly  emphasized  in  the  discussion,  there  were  varying 
degrees  of  minor  muscular  acting  during  the  experimenta  and  it  can  not  be 
said  that  the  subjecte  all  remained  in  the  same  degree  of  rest  Knowing  the 
marked  influence  of  excessive  muscular  activity  aa  the  heat  production  as 
observed  in  experimente  on  muscular  work,  it  is  important  to  determine  if 
poBBible,  to  what  extent  the  slight  variations  in  activily  observed  in  these 
experimente  influenced  the  heat  production. 

Method  of  estimating  energy  of  external  miacviar  acUmty. — Aside  from 
the  intermittent  strength  teste  with  the  dynamometer  in  some  of  the  experi- 
mente and  the  10-minnte  exercise  period  on  the  bicycle  ergometer  on  the  flrst 
day  of  experiment  No.  71,  no  measurement  of  ttie  muscular  activity  of  the 
subjecte  was  attempted.  Our  knowledge  regarding  the  energy  required  to 
perform  the  minor  movemente  of  the  body,  even  in  a  so-called  "  rest  experi- 
ment "  is  as  yet  very  meager.  But  since  it  was  important  to  estimate  as  nearly 
aa  possible  the  muscular  activity  on  the  different  days  and  with  the  different 
subjecte,  a  method  for  estimating  these  variations  in  activity  has  been  put  in 
use,  although  admittedly  based  on  very  uncertain  evidence.  The  muscular 
activity  was  in  general  very  alight.  The  visible  muscular  activity  of  the 
subjecte  was  carefully  recorded  by  the  observer  outside  of  the  calorimeter 
chamber,  tlw  number  of  times  the  food  aperture  was  opened  and  closed  was 
likewise  noted  on  a  sheet  provided  for  the  purpose,  and  from  the  diary  kept 
by  the  subject,  records  of  certein  other  movemente  were  obteined.  These  have 
been  combined  as  has  been  shown  previously  in  the  "  body  movement "  records 
for  each  experiment.  From  these  movemente  the  attempt  has  been  made  to 
estimate  the  muscular  activity,  expressed  in  calories.    The  material  used  con- 
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BiBted  of  the  records  of  body  moTcments,  the  resulte  obtained  from  a  long  series 
of  nnpublifllied  experimenta  with  difFerent  eubjecta  to  ascertain  the  energy 
required  for  certain  definite  motiona,  and  an  experiment  made  to  find  the 
tmergy  required  to  rise  from  the  chair,  go  to  the  food  aperture,  open  it,  dose  it, 
return  and  sit.  Other  motions  than  those  which  wonld  naturally  accompany 
the  act  of  going  to  the  food  aperture  were  made  by  the  different  subjects  in 
the  fasting  experiments  and  indeed  in  considerable  number. 

For  the  purpose  of  these  estimates,  one  of  ilie  simplest  motions,  i.  e.,  the 
act  of  rising  from  tlie  chair  in  which  the  subject  sits,  is  taken  as  a  unit  of 
morement,  and  all  other  movements  are  expressed  in  terms  of  this  unit  The 
actual  amount  of  energy  required  to  go  to  the  food  aperture  and  return  has 
been  found  from  a  series  of  special  experiments  to  be  one  calorie.  In  another 
series,  the  energy  required  to  undress,  be  weighed  in  a  hanging  chair,  dress, 
and  be  seated  was  actually  measured.  This  was  found  to  average  20  calories. 
The  operation  at  the  food  aperture  was  estimated  to  be  4  times  as  great  as 
that  of  risiug  from  the  chair.  Hence  the  onit  of  movement  was  taken  as 
one-fourth  of  a  calorie.  With  this  as  a  basis,  values  were  estimated  for  all  the 
individual  movements  recorded  in  the  unpublished  experiments,  the  sum  of 
which  equaled  20  calories  or  80  units.  For  example,  the  act  of  hanging  the 
diair  for  weighing  was  estimated  to  be  5}  units;  weighing,  3  units;  hnnging 
curtain  and  taking  it  down,  2  units;  undressiDg,  16  miits;  dressing,  26^ 
nnits.  It  is  to  be  noted  that  a  greater  total  is  given  tor  the  movemmts  in 
dressing  than  in  undressing,  and  estimates  were  likewise  made  for  different 
acts  in  the  process  of  the  two  operations. 

Other  movements  occurring  during  Qie  experiments  are  estimated  according 
to  their  character,  such  as  for  example,  to  rise,  weigh,  and  drees  in  the  morning. 
To  rise  from  the  bed  is  reckoned  as  3  nnits;  hang  chair,  5^  units;  weigh,  3 
units;  remove  and  reinsert  the  rubber  stopper  through  which  the  weighing  rod 
passes  to  the  top  of  the  calorimeter,  1  unit;  weigh  clothing,  6  units;  weigh  the 
heat  absorbers,  16  units ;  unhang  chair,  5i  units ;  arrange  and  fold  bed,  5  units ; 
raise  table,  3  units;  dress  (underclothing  being  alr^dy  on),  15  units;  sit 
down,  1  unit;  total,  63  units. 

Similarly,  to  prepare  for  bed  at  night,  defecate,  take  the  dynamometer  test, 
and  numerous  other  movements  are  each  accorded  their  different  estimated 
value  in  terms  of  these  units. 

In  addition  to  the  activity  estimated  for  the  first  day  of  experiment  No.  71, 
account  should  he  taken  of  the  bicycle  ride  during  the  second  (9  to  11  a.  ro.) 
period  of  the  day.  Previous  calibration  has  shown  that  each  revolution  of  the 
wheel  of  the  bicycle  ergometer  results  in  the  transformation  of  0.0338  calorie 
of  heat,  and  as  the  wheel  made  643  revolutions  during  the  ride,  the  energy 
given  off  equals  648  X  0.0233.  The  result  of  this  calculation  X  6,  since  the 
^clenqr  of  the  body  as  a  machine  is  about  20  per  cent,  =  74.91  calories,  the 
total  result  for  the  ride, 
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In  experiment  No.  76,  at  8"  2"  p.  m.  Much  11,  1906,  gynmutics  ara  esti- 
mated arbitraril;  aa  30  units.  A  walk  in  the  chamber  at  11"  16"  a.  m.  Jannar; 
8, 1906,  in  experiment  Ko.  71,  is  eetimated  at  10  nnita. 
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From  the  above  data  the  eBtimatee  given  in  table  S31  were  obtained.  The; 
are  ehotm  both  in  nnita  and  in 'calories.  It  mnst  be  understood,  however, 
that  in  obtaining  the  figures  in  this  table  no  attempt  has  been  made  to  estimate 
the  minor  involuntary  movementa,  hence  the  figures  obtained  give  nearer  the 
minimum  than  the  mazimnm. 

The  figures  recorded  in  column  b  of  table  S34  are  admittedly  bat  approxi- 
mate estimations.  Perhaps  the  most  strilcing  feature  of  the  table  is  the  fact 
that  the  differences  between  the  experimental  days  when  computed  on  the 
basis  of  calories  are,  relatively  speaking,  so  small.  The  maximum  difference 
observed  in  any  fasting  experiment  is  that  of  experiment  No.  77,  where  there 
were  60  calories  for  the  second  day  and  40  calories  on  the  third,  and  yet  the 
difference  here  recorded,  SO  calories,  is  barely  over  1  per  cent  of  the  average 
total  heat  production  per  day  of  this  experiment.  A  comparison  of  the  varia- 
tions in  muscular  activity  as  expressed  in  calories  given  in  this  table  with  the 
total  heat  production  on  the  succeeding  days  of  each  experiment  shows  that, 
while  the  fluctuations  in  the  estimated  energy  of  the  external  muscular  activity 
are  very  small,  they  generally  follow  those  appearing  in  the  total  heat  produc- 
tion. That  the  differeuceB  in  the  heat  production  noted  from  day  to  day  in 
the  different  fasts,  however,  can  be  directly  caused  by  variations  in  visible  exter- 
nal muscular  activity  is  very  completely  disproven.  A  careful  revision  of  the 
estimates  given  in  this  table  has  bran  made  and  it  is  certain  that  although  there 
may  be  errors  in  the  apportionment  and  the  estimate  of  value  of  the  actirity, 
the  error  can  certainly  not  be  over  100  per  cent  and  it  is  probably  very  much 
lees.  Assuming  that  an  error  of  100  per  cent  exists  and  that  the  error  is 
always  in  the  same  direction,  so  as  to  increase  the  apparent  differences  on 
different  days,  the  amounts  even  then  are  far  too  small  to  account  for  the 
absolute  differences  in  the  total  heat  production.  It  is  clear,  therefore,  that 
while  the  variations  in  muscular  activity  are  proportional  to  the  variations  in 
the  total  heat  produced,  some  factor  other  than  external  muscular  activi^ 
must  account  for  the  wide  variations  in  the  total  heat  production. 

Belations  of  internal  mwcular  activity  to  total  heat  prodiiction. — ^Aside 
from  the  external  muscular  activity,  there  is  a  considerable  amount  of  muscular 
work  which  can  be  conveniently  termed  "  internal "  muscular  work,  typified 
perhaps  by  the  work  of  respiration  and  circulation. 

Estimates,  which  for  the  most  part  are  based  on  the  respiratory  exchange, 
have  been  made  of  the  energy  required  for  circulation  and  respiration.  Becently 
Loewy  &  v.  Schrotter"  have  made  an  extensive  study  of  these  factors  of 
internal  work  in  man.  From  the  results  of  their  experiments  they  conclude 
that  the  total  energy  required  for  circulation  is  3.6  per  cent  of  the  total  energy 
transformation  of  a  man  at  rest.  The  work  of  respiration  is  3.4  times  that 
of  circulation,  and  the  work  of  respiration  and  circulation  combined  amounts 
to  about  13  per  cent  of  the  total  energy  output  for  the  day. 
■■Zelt  f.  exper.  Patb!  u.  Tberapie  <1906).  1,  p.  187. 
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The  arterial  tension  aa  veil  as  pnlee  rate  per  minTite  are  important  factors 
in  estimating  the  work  of  circulation,  but  unfortunately  all  attempts  to 
measure  accurately  the  blood  pressure  in  these  experiments  failed.** 

It  ia  much  to  be  regretted  tiiat  in  the  longer  experiments,  which  are  of  the 
greatrat  value  for  comparing  the  variations  in  the  total  heat  production  with 
the  external  and  internal  muscular  activity,  the  records  of  pulse  rate  are 
defectiye.  Furthermore,  no  records  of  the  rate  of  respiration  were  obteined. 
A  comparison,  however,  of  the  pulse  rate  and  the  totel  heat  production  is  of 
interest.  The  subject  of  experiment  No.  75,  9.  A.  B.,  recorded  the  pulse  with 
considerable  regularity  during  the  day.  The  first  record  was  made  in  the 
morning,  not  far  from  7"  30"  a.  m.,  and  was  undoubtedly  influenced  by  the 
muscular  activity  attendant  upon  rising,  weighing  himself  and  his  chair,  bed- 
ding, ete.  As  an  inspection  of  the  data  on  page  170  shows,  bis  pulse  exhibits 
considerable  irregularities  from  day  to  day  during  the  period.  By  omitting 
this  first  observation  and  averaging  the  remainder  during  the  fasting  period, 
a  rough  approximation  of  the  average  pulse  rate  per  day  can  be  obteined. 

A  comparison  (see  p.  509)  of  this  pulse  rate  with  the  total  heat  production 
shows  a  striking  uniformity  in  fiuctuations,  and  similar  comparisons  with  other 
experimenU  show  in  nearly  every  instance  a  parallelism. 

The  pulse  rates  in  the  2-day  fasting  experiments  have  been  tebulated, 
together  with  the  respiration  rate  and  total  heat  production.  Although  the 
pneumograph  method  of  obtaining  pulse  rate  and  respiration  was,  on  the  whole, 
extremely  satisfactory,  there  were  a  number  of  days  when  the  observations 
were  more  or  less  irregular  and  hence  difficulties  were  experienced  in  obtaining 
a  fair  average  pulse  and  respiration  rate  for  each  period.  An  examination  of 
the  deteiled  stetieties  for  the  experimente  will  show  the  date  from  which  the 
averages  recorded  in  teble  335  were  obteined. 

Examination  of  the  teble  shows  that  in  general  there  is  a  very  marked 
regularity  in  the  results  of  pulse  rate,  respiration  rate,  and  total  heat  produc- 
tion when  they  are  compared.  But  there  are  a  few  striking  anomalies.  Per- 
haps the  most  noticeable  is  in  experiment  No.  81,  where  the  pulse  rate  and 
respiration  rate  for  the  second  period  both  increased  on  the  second  day,  and  yet 
the  total  heat  production  decreased  nearly  80  calories. 

In  the  decade  in  which  experiments  have  been  in  progress  in  this  laboratory, 
evidence  has  been  accumulating  to  correlate  the  minor  muscular  activity  with 
heat  production,  and  the  experience  thus  obteined  has  been  utilized  in  esti- 
mating the  visible  muscular  activity  in  terms  of  calories  recorded  in  teble  234. 
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Tabu  SU.— JteloHow  of  pitiM  rate,  rmpiration  rate,  and  JmU  produoHon  to  ^d(W 

ber. 

BnblMt  and  date. 

PBriofl. 

nte 

mfittte. 

prodQO- 

tlon. 

79.. 

H.E.S.,  Oct.  13-X4, 1906 

(7  a. into  1  p. m 

Ip.m.  to7p.m 

7p.m.  to  1  a.m 

la.m  to  7  a.m. 

65 
61 
61 
01 

13 
18 

18 
18 

626 
472 
492 
460 

79.. 

H.  E.  B.,  Oct.  14-16 

7a.m.tolp.m 

1p.m.  to  7  p.  m 

7  p.  m.  to  1  a.  m 

I.la.m.to7a.m 

73 
61 

19 
19 
18 
18 

631 
525 
604 
486 

80.. 

C.R.Y.,  Oct.  27-28 

7  a.  m.  to  1  p.  m 

Ip.m.to7p.m 

7p.m  to  1a.m...., 
1  a.  m.  to  7  a.  ro 

66 
67 
66 

le 

16 
16 
10 

627 
449 
493 
483 

80.. 

C.R.Y.,  Oct. 28-29 

7a.m.tolp.m 

1  p.  m.  to  7  p.  m 

7p.ni.to  1  a.m 

1  a.  m.  to  7  a.m 

78 
79 
77 
77 

10 
21 
17 
17 

692 
631 
486 
4S9 

81.. 

A.H.M.,NoT.21-22.... 

7  a.  ro.  to  1  p.  m 

Ip.m.to7p.m 

7  p.  m.  to  1  a.  m. ... . 
(la.  m.  to7a.m 

46 
46 
43 

42 

15 
13 
14 
14 

486 
491 
396 
866 

SI.. 

A.H.M.,Nov.22-23.... 

7a.m.  to  1p.m..... 

1p.m.  to7p.m 

7p.m.tola.m 

Ia.m.to7a.  m 

67 
46 
49 
60 

18 
17 
17 
16 

640 
412 
427 
400 

82.. 

H.C.K.,NoT.24-26.... 

7a.m.tolp.m 

Ip.m.to7p.m 

7 p. m. to  la. m 

1a.m.  to  7  a.  m 

66 
62 

66 

23 
21 
20 
19 

642 
627 
684 
467 

82.. 

H.C.K..  Not.  26-26.... 

7a.m.  to  Ip.m 

1  p.  m.  to  7  p.  m 

7p.m.to  1  a.m 

Ia.m.to7a.m 

68 
70 
72 
68 

24 
23 
23 
19 

709 
607 
634 
626 

88.. 

H.E.D.,Dbo.6-6 

7a.m.tolp.m 

Ip.m.  to7p.m 

7  p.  m.  to  1  a.  m 

]a.m.to7a.m 

76 
76 
74 
68 

20 
18 
18 
17 

666 
386 
636 
424 

83.. 

H.R.D.,Deo.6-7 

7  a.  m.  to  1  p.  m 

Ip.m.to7p.m 

7  p.  m.  to  1  a.  m 

Ia.m.to7a.m 

86 
78 
71 
71 

18 
17 
18 
18 

585 
410 
478 
431 

8fi.. 

N.M.P..DM.9-10 

f7a.m.tolp.m 

1  p.  m.  to  7  p.  m 

7  p.  m.  to  1  a.  m 

la  m.to7a.m 

62 
66 
68 
62 

12 
12 
12 
12 

694 
606 
634 
474 
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BabjBOtWiddKto. 

Period. 

per 
mlDuM. 

... 

89.. 
89.. 

N.M.P.,Dec.  10-11.1905 
D.W.. Jan.  10-11, 1906.. 
D.W.,  Jan.  11-12 

r  7  a.  m.  to  1  p.  m 

1p.m.  to  7  p.  m 

7p.  m.  tola,  m 

L 1  a.  m.  to  7  a.  m 

7a.m.tolp.m-.... 
.    tp.m.  to7p.  m 

7p.  m.  to  la.m 

Ua.m.to7a.ra 

r7a.m.tolp.m 

.   Ip.  m.  to7p.m 

7p.m.tola.m 

L  1  a.  m.  to  7  a.  m 

70 
63 
73 
76 

59 
63 
56 
50 

59 

eo 

63 
50 

14 
14 
15 
15 

17 
19 
19 
16 

16 
IS 
20 
16 

638 
559 
592 
513 

480 
606 
571 

4sa 

530 
630 

467 

The  differences  in  total  heat  production  can  in  only  very  small  part  be 
accoimted  for  by  the  actual  differences  in  the  work  of  circulation,  asenming 
the  accuracy  of  Loewy  &  y.  Schrotter'B  "  estimates  of  the  relative  proportion 
of  the  total  energy  output  required  for  circulation,  and  consequently  Tariations 
in  pulse  rate  can  be  taken  only  as  a  general  index  of  the  fluctuations  in  the 
degree  of  the  internal  muscular  activity  including  in  all  probability  moscalar 
tonm. 

ENSBGT  OF  THE  DBIKE. 
Fat  and  carbohydrate  katabolized  in  the  ordinary  diet  are,  as  &  rule,  wholly 
broken  down  to  carbon  dioxide  and  vater,  and  the  pot«ntial  energy  they 
originally  contained  is  eompletoly  transformed  into  heat.  A  portion  of  the 
protein  molecule,  on  the  contrary,  is  not  completely  oxidized,  and  is  excreted 
aa  urea  and  similar  compounds  in  the  urine.  The  energy  of  these  compounds 
in  tiie  urine  must  be  detormined  in  any  series  of  experiments  In  which  the 
balance  of  energy  is  desired.  In  order  to  determine  the  potential  energy  of 
urine,  it  is  necessary  to  bum  the  dry  matter  in  a  calorimetric  bomb  and 
measure  the  heat  actually  given  off.  The  tecbniqne  of  the  determination  of 
the  heat  of  combustion  of  urine  has  received  special  consideration  in  an  earlier 
paragraph  {see  p.  16).  The  errors  involved,  in  all  probability  render  the 
determinations  somewhat  too  low  rather  than  too  high,  although  the  method 
used  in  these  investigations  has  given  the  highest  heat  of  combustion  of  any 
method  with  which  we  are  familiar.  In  fasting  urine  we  have  reason  to 
suppose  not  only  that  portions  of  the  protein  katabolized  are  excreted  unoxi- 
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dized  but  that  there  may  be  a  more  or  lees  marked  acidosis  with  an  accompany- 
ing excretion  of  acids  such  as  p  oxybu^ric  acid  resulting  from  the  partial 
oxidation  of  fat.  The  total  energy  of  the  urine  on  each  day  of  the  fasting 
experimenta  is  giren  in  table  336. 

Table  23S. — Totai  enemy  of  ^tr^ne  excreted  fm  m«tafioH«m  exterimentt  toiihout  fooi. 


ft- 

D-                       ezpeilment. 

91 

111 

«H 

..    A.L.L.,   Apr.   27-38,190* 

93 

99 

09 

..     A.L.L.,   Dec.    18-19,1904 

93 

113 

130 

110 

71 

..     8.A.B.,   Jm.      7-10,  1900 

58 

91 

09 

fifi 

n 

..    a.A.B.,  JftD.  SS-Feb.  1, 190S... 

80 

98 

00 

93 

H3 

7« 

..    8.A.B.,   H>r.     4-10,  1905 

97 

IBO 

1B8 

1*8 

147 

140 

isa 

77 

.,     B.A.B.,    Apr.       8-11,   1505 

90 

107 

157 

170 

711 

..      A.E.B.,    Oct.    18-14,   1906 

78 

110 

KD 

..     C.R.T.,   Oct.    87-28,  1906 

76 

97 

HI 

..     A.n.M.,  Not.  3I-3S,  190S 

80 

109 

H? 

..     H.C.K.,  Not.  34-35.  1905 

88 

133 

N« 

..     e.B.D.,  Doe.     5-0,1905 

118 

161 

Hft 

..     N.M.P.,  Dec,      9-10,1905 

96 

99 

in 

..     D.W.,      Jm.     10-11,1908 

98 

11* 

B8 

116 

130 

131 

130 

148 

189 

The  smallest  amount  was  found  on  the  first  day  of  experiment  No.  71,  68 
calories,  and  the  largest  amount  on  the  fourth  day  of  experiment  No.  77,  170 
calories.  The  total  energy  is  invariably  somewhat  greater  on  the  second  day 
than  on  the  first  For  all  the  experiments  the  average  is  88  calories  on  the 
first  day  and  115  calories  on  the  second.  In  the  K  experiments  which  lasted 
for  3  days  or  longer,  the  energy  on  the  third  day  is  a  little  greater  than  that 
on  the  second  day,  while  in  experiments  Noe.  76  and  77,  there  is  a  marled 
increase  of  energy  excreted  in  tiie  urine  on  the  fourth  day.  The  excretion  of 
energy  in  experiment  No.  76  remains  fairly  constant  after  the  first  day. 
When  it  is  considered  that  the  energy  liberated  from  the  body  in  the  form  of 
heat  in  some  of  these  experimenta  was  as  low  as  1500  to  1600  calories,  it  can 
readily  be  seen  that  the  energy  of  the  urine  may  amount  to  nearly  10  per  cent 
of  the  total  energy  and  hence  especial  care  should  be  taken  in  experiments  dur- 
ing inanition  to  secure  accurate  measurements  of  this  factor. 

The  assumption  pointed  out  on  page  396  that  non-nitrogenous  material  of 
high  carbon  content  is  excreted  in  the  urine  during  fasting  receives  substan- 
tiation from  the  figures  for  the  heat  of  combustion,  for  it  is  seen  that  the 
large  carbon  excretion  in  the  urine  of  experiments  Nos.  75  and  77  is  paralleled 
by  a  large  amount  of  energy.  The  difficulties  attending  the  direct  determi- 
nation of  the  energy  of  urine  have  led  to  the  attempt  to  secure  a  factor  for 
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oompatatioQ  from  the  Kmonnts  of  nitrogen  and  carbon  known  to  be  contained 
in  the  nrine.  In  these  experiments  not  only  was  the  amount  of  energy 
determined  bat  also  the  nitrogen  and  carbon  and  organic  matter,  bo  that  wa 
have  the  means  for  determining  the  ratio  of  the  heat  of  combustion  to  the  nitro- 
gen, carbon,  and  organic  matter.  These  ratios  hare  been  calcnlated  and  are 
given  in  the  following  table.  The  results  are  expressed  in  terms  of  the  number 
of  calories  of  energy  which  accompany  1  gram  of  nitrogen,  carbon,  and  organic 
matter,  respectively. 

Thus,  on  the  first  day  of  experiment  No.  77,  for  every  gram  of  nitrogen  in 
ttie  urine,  there  was  found  to  be  10.216  calories  of  energy.  For  every  gram 
of  carbon  there  were  on  this  day  11.S92  calories,  and  for  every  gram  of  organic 
matter,  3.184  calories.  An  inspection  of  these  ratios  shows  that  the  ratio  of 
energy  to  nitrogen  may  vary  considerably.  The  lowest  ratio  observed  is  on 
the  third  day  of  experiment  No.  59,  7.490,  and  the  highest  is  that  observed  on 
the  fourth  day  of  experiment  No.  77,  14.847.  The  average  ratio  is  not  far 
from  9.  In  the  nitrogen  metabolism  experiments,  the  heat  of  combustion  of 
the  urine  was  determined  on  6  days.  The  respective  ratios  of  the  heat  of  com* 
bustion  to  nittogen  were  8.8,  11.0,  9.6,  9.3,  8.3,  and  9.8,  respectively. 

The  ratio  of  energy  to  carbon  is  much  more  nearly  constant,  the  lowest  ratio 
(9.4S6)  observed  being  on  the  first  day  of  experiment  No.  68  and  the  highest 
on  the  first  day  of  experiment  tto.  86  (13.468).  Here  the  differences  are 
very  much  less  than  in  the  case  of  the  energy-nitrogen  ratio  and  it  is  fair  to 
assume  that  in  experiments  of  this  character  for  every  gram  of  carlnn  in  the 
urine  there  are  not  far  from  ll.K  calories  of  energy. 

The  determination  of  carbon  in  the  urine  is,  howevo',  not  much  less  trouble- 
some than  the  determination  of  energy  and  this  ratio  is,  therefore,  not  of 
especial  valne,  although  it  is  nnnsaally  constant.  Since  the  carbon  is  in  large 
measure  proportional  to  the  total  organic  matter,  the  ratio  of  heat  of  combu»- 
tion  to  organic  matter  is  of  interest  since  the  organic  matter  can  be  determined 
with  litUe  difficulty.  These  ratios  have  been  computed  and  are  recorded  in 
table  237.  They  show  that  for  every  gram  of  organic  matter  there  may  be 
energy  corresponding  to  from  2.364  to  3.867  calories,  but  in  a  large  majority  of 
instances,  the  ratio  is  not  far  from  3.2.  While  by  no  means  as  constant  as 
the  energy-carbon  ratio,  the  energy-organic  matter  ratio  is  much  more  satis- 
factory than  that  baaed  upon  the  determination  of  nitrogen.  In  practically 
all  of  the  experiments  here  reported,  the  use  of  the  factor  3.2  as  the  ratio  of 
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B.T.D.,  Dec  18-30,  IBOB: 

Nttnigen 

CubOD. 

OrgiDlc  in*tt«r.. 
A.I.L.,  Apr.  27-38,  1»04 : 

NUrogeo 

Carbon 

Oi^anlc  matter.. 
A.L.L.,  Dec.  ifl-19,  1»04: 

Mltrogen 

Orgaule  matter.. 
S.A.B.,  Jan.  7-10,  1906: 

Nitrogen 

Carbon 

Organic  matter... 
8.A.B.,  Ju.  S8-Feb.  1,  IVOS : 

Nitrogen 

Carbon 

Organic  matter. . , 
B.A.B.,  M»r.  4-10,  IWS: 

Kttrogen 

Carbon 

Organic  matter. . . 
8.A.B.,  Apr.  ft-11, 1905: 

Nitrogen 

Carbon 

Organic  matter. . 
H.E.8.,  Oct  IS-14,  190S: 

Nitrogen 

Carbon 

Organic  matter. . 
C.B.T.,  Oct.  87-38,  1905: 

Nitrogen 

Carbon 

Organic  matter.. 
A.H.H.,  Hot.  21-33,  190B: 

Nitrogen 

Carbon 

Organic  matter. . 
H.aK.,  Not.  34-36,  1906 : 

Nitrogen 

Carbon 

Organic  matter.. 
H.B.D.,  Dec.  6-0,  1906: 

Nitrogen 

Carbon 

Organic  matter... 
N.M.P.,  Deo.  9-10,  1906: 

Nitrogen 

Carbon 

Organic  matter. 
D.W.,  Jan.  10-11,  1906: 

Nitrogen 

Carbon 

Organic  matter. 


7.Sla 
10.193 
B.a75 


7.490 
10.166 
3.366 


7,979 
11.678 
S.988 

7.B67 
11.468 
3.838 


8.4B1 
11.677 
8.088 

B.007 
11.135 
3,810 


10.699 
13.481 
3.660 

U.39S 
11.460 

s.eis 


1B.6S4 
1.967 
8.744 
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Influence  of  Inanition  on  Metabolibh. 


D&tft  were  at  hand  for  the  computation  of  the  ratio  of  the  heat  of  combostion 
of  orine  to  organic  matter  in  the  food  experiments  Nos.  10, 12,  74,  and  76  and 
the  reeolts  are  presented  in  table  238. 


■5Sr' 

BubjTCtuiddkte. 

1^ 

Heffi., 

bast  of 

A.L.L.: 

29.80 
99.81 

WAS 

89.47 
84.06 
80.70 

8B.B8 
81.41 
93.40 

83 
81 

84 

88 
08 
«I 

186 
OS 

09 

a. 894 

a.79» 

8.078 

S.848 

S.08S 
8.898 
8.847 

8.91S 
8.068 
8.949 

8.A.B.: 

B.A.B.: 

F«b.    »-  8,1908 

S.A.B.: 

So  far  as  experiments  Nob.  70,  72,  and  74  are  concemed  the  ratios  are  not 
onlike  those  obtained  in  the  fasting  experimeDis  preceding  each,  but  there  is  a 
marked  decrease  in  the  ratio  between  the  seventh  day  of  experiment  No.  76 
and  the  3  days  of  experiment  No.  76.  The  ratio  gradually  decreases  on  the 
3  successiTe  days  of  this  experiment,  oltimately  reaching  a  valne  not  far  from 
that  observed  in  the  2  earlier  food  experiments  with  this  subject 

No  data  regarding  the  ratio  of  heat  of  combustion  to  organic  matter  were 
secured  in  the  nitrogen  metabolism  experiments  made  with  this  subject 
Although  the  energy  was  determined  in  a  few  instances,  no  determinatioas  of 
the  organic  matter  were  made. 

The  factor  proposed,  then,  for  comparing  the  total  organic  matter  with 
the  energy,  namely,  3.3,  r^resents  with  reasonable  accuracy  the  ratio  of 
energy  to  organic  matter,  found  not  only  during  fasting  hut  also  in  the  food 
experiments.  Since  the  determination  of  organic  matter  ia  relatively  simple, 
this  factor  should  be  of  value  in  computing  the  energy  eliminated  in  the 
urine  where  the  actual  determination  of  the  heat  of  combustion  can  not  be 
made. 

The  only  other  ratios  of  the  heat  of  combustion  to  carbon  and  organic  matter 
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matter  of  urine  detenained  in  a  1-day  fasting  experiment  (No.  36)  were 
not  published  in  that  report.  They  were  found  to  be  8.39,  11.12,  and  2.59, 
respectively.  The  ratio  of  heat  of  combustion  to  nitrogen  has  been  computed 
for  the  other  fasting  experiments  published  simultaneously  with  experiment 
No.  36,  although  the  data  were  lacking  for  computing  the  ratios  of  heat  of  com- 
bustion to  carbon  and  organic  matter.  The  ratio  Cal. :  N  in  experiments 
Nos.  39,  42,  and  the  8  days  of  experiment  No.  51  were  8.19,  7.66,  8.19,  and 
7.08  respectively. 

Batios  of  heat  of  combustion  to  nitrogen  as  wide  ae  those  obtained  in  some 
of  these  fasting  experiments  have  rarely  been  observed. 

A  disturbance  of  the  proteid  metabolism  accompanied  by  unusually  large 
Cal. :  N  ratios  during  residence  in  high  altitudes  was  observed  and  reported  by 
Loewy,'"  who  was  able  to  isolate  a  considerable  amount  of  amino  bodies  from 
the  urine.  Indeed,  there  seemed  to  he  a  distinct  relation  between  the  quanti- 
ties of  amino  bodies  and  the  height  at  which  the  subject  of  the  experiments 
dwelt.  While  we  have  but  little  reason  to  expect  an  excessive  elimination  of 
amino  bodies  in  the  urine  of  fasting  men,  the  high  ratio  of  heat  of  combustion 
to  nitrogen  may  well  be  explained  by  the  formation  of  acids  such  as  has  been 
pointed  out  in  the  discussion  on  the  carbon  and  energy  content  of  the  urine. 

BNBBGY  OF   KATi30LIZED  BODY  MATBEIAL. 

In  the  course  of  katabolism  during  inanition,  varying  quantities  of  protein, 
fat,  and  carbohydrate  are  disintegrated.  The  amounts  thus  katabolized  have 
been  discussed  in  the  several  sections.  Since  these  compounds  are  capable 
of  supplying  widely  varying  quantities  of  energy  to  the  body,  it  is  of  interest 
to  note  the  proportions  of  the  total  energy  liberated  in  Ae  body  as  a  result  of 
the  katabolism  of  the  three  compounds. 

Proportion  of  energy  derived  from  different  sources. — The  proportions  of 
the  energy  supplied  by  the  protein,  fat,  and  glycogen  have  been  computed  and 
recorded  in  table  239.  In  this  discussion  the  net  energy  of  the  protein,  i.  e., 
the  energy  of  the  protein  less  that  of  the  unoxidized  material  of  the  urine,  alone 
is  considered.  One  possible  source  of  error  is  present  in  this  method  inasmuch 
as  it  is  here  assumed  that  the  unoxidized  material  of  the  urine  is  derived 
wholly  from  protein.  Under  normal  conditions  this  is  probably  the  case, 
hut  with  the  possibilities  of  an  acidosis  as  a  result  of  partial  oxidation  and 
cleavage  of  fat,  it  is  obviously  erroneous  to  deduct  from  the  energy  of  the 
protein  katabolized,  the  energy  of  the  urine  in  case  a  portion  of  the  energy 
of  the  urine  has  been  derived  from  fat.  The  effect  of  this  assumption  is  to 
decrease  the  proportion  of  the  total  energy  derived  from  the  protein  and  to 
increase  the  proportion  actually  derived  from  fat.  Unfortunately  no  data  are 
at  hand  to  show  the  exact  magnitude  of  the  error  ilins  involved. 

"DentKli.  med.  Wochensclirift  (190S),  48,  p.  1»18. 
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per  cent  of  the  total  energy  was  derived  from  protein.  The  largest  proportion 
is  on  the  third  day  of  experiment  No.  71,  namely,  19.Z  per  cent  In  the  food 
experiments  the  proportions  derived  from  protein  are  not  materially  different 
on  the  vhole  from  those  observed  daring  fasting. 

An  examination  of  the  proportions  of  energy  derived  from  fat  shows  con< 
siderahle  variations,  which  are  especially  noticeable  on  the  first  days  of  the 
longer  fasting  experiments.  The  apportionment  of  the  carbon  other  than  that 
of  protein  between  the  fat  and  glycogen  would  lead  to  the  supposition  that  as 
the  qoantity  of  katabolized  glycogen  decreased,  the  amount  of  fat  would  be 
increased,  and  this  is  actually  what  is  found  in  comparing  the  amonnts  of 
these  two  materials  katabolized.  Similar  flnctuations  in  the  energy  derived 
from  the  two  compounds  are  also  observed.  No  regularity  appears  in  the 
proportion  of  the  energy  resulting  frcwn  fat.  It  is  generally  greater  than  75 
per  cent,  but  in  fasting  experiments  may  be  as  small  as  65  per  cent.  In  one 
instance,  namely,  on  the  last  day  of  food  experiment  No.  76,  it  fell  to  36.6 
per  cent  The  highest  proportion  was  found  on  the  last  day  of  experiment 
No.  73. 

Since  a  much  smaller  proportion  of  the  total  energy  results  from  glycogen 
rather  than  from  fat  katabolism,  the  fluctuations  in  the  proportions  of  the 
energy  supplied  by  the  glycogen  are  very  considerable,  and  it  is  difficult  to  ob- 
tain any  general  average  for  the  amount  of  energy  furnished  by  this  compound. 
In  two  instances  there  was  apparently  an  absorption  of  energy  due  to  the 
formation  and  storage  of  glycogen,"  namely,  on  the  last  day  of  experiment 
No.  73  and  the  second  day  of  experiment  No.  81.  This  apparent  storage  or 
absorption  of  energy  in  the  form  of  glycogen  could  only  be  derived  from  body 
fat  or  protein,  and  hence  the  absorption  of  energy  is  apparent  and  not  real. 
The  largest  proportion  of  energy  supplied  by  glycogen  on  any  one  day  in  the 
fasting  experiments  was  37.8  per  cent.  On  the  last  day  of  food  experiment 
No.  76,  a  maximum  of  68.3  per  cent  was  reached. 

COMPARISON  OF  PRODUCTS  OF  KATABOLISM  AND  HEAT  PRODUCTION. 
It  has  commonly  been  assumed  that  heat  production  and  katabolism  are 
interdependent  and  the  older  methods  of  computing  the  heat  production  were 
based  on  this  assumption.  Therefore,  experiments  in  which  all  the  grosser 
factors  of  katabolism  have  been  studied  present  unusual  opportunity  for  an 
examination  of  the  regularity  of  the  course  of  the  heat  production  compared 
to  that  of  the  general  katabolism.  Such  a  com.parison  may  be  made  in  several 
ways.  The  relations  between  the  grosser  factors,  oxygen  consumption,  carbcm 
dioxide  and  water  elimination,  and  heat  production  are  flrst  studied,  and 
later  the  numerous  other  products  of  katabolism,  especially  those  appearing 
in  the  urine,  are  compared. 
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Tasu  tiO.^Proportion  of  oayjm*  connmsd  and  of  carbon  dioxide  amd  water  eUm^ 
noted  and  \eat  produced  during  different  periods  of  the  day  In  metaioUMm 
experimenit  leitlumt  food. 
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Tabu  240. — Proportion  of  oxj/gen  oon»umed  and  of  oarUm  lUoxiOe  and  w<Uer  elimi- 
nated and  heat  prodwsed  dttrino  different  periodg  of  tAe  day  in  m«taboH#m 
experimentt  wUAouf  food — Continued. 


Pwiod. 

Bip.  No.  n,  iubjeot  8.A.B 

,Sds7& 

Eip.  No.  7l>.nibjeotB.A.B_Tdan. 

Oiji~. 

Sas: 

W.Wr. 

Boat. 

Omto. 

ssss 

w.-. 

B»t. 

7»jn.  to  9  a.m. 
9ajn.      11a.m. 
11  ajn.        1  pjn. 

Total,  ehoun.. 

Ipju.  to  3p.m. 
Spjn.       5  p.m. 
Span.       7  p.m. 

Total,6boun. . 
Total,  12  houTB. 

7' p.m.  to  Qpjn. 
9p.ra.      llpjn. 
11  p.m.        1  ajn. 

Total,  6  houn. . 

1  a.m.  to  3  ajn. 
3  a.m.        5>jn. 
S>.ja.       7ajn. 

Total,  6  houn. . 
Total,  12  boun. 

7ajn.  to  9  a.m. 
9ajn.      11a.m. 
llajD.        1p.m. 

Tot^.BbouM.. 

Ipjn.  t«  3pjn. 
3pjn.       5pjn. 
5  p.m.       7pjn. 

Total,6hour«.. 
Total,  12  houn. 

7pjn.  to  9  p.m. 
9  p.m.      11  pju. 
11  pjn.       1  ajn . 

Total,  6  houn.. 

lajn.  t«  3ajn. 
3ajn.        £ajn. 
6»jn.        7  a.m. 

Total,  6  houn.. 
Total,  12  houn. 

PweifU. 
11.61 
9.70 
9.06 

Ptremt. 
11.24 

9.88 
9,21 

Fwcmi. 
9.70 
9.44 
8.66 

PwcmU. 
10.14 
10.06 
9.29 

10.90 
8.83 
8.74 

9.44 
8.98 

8.69 
8.26 

10.01 
9.00 

30.27 

30.33 

27.79 

29,48 

28.47 

28.84 

27.24 

29.61 

8.67 
8.77 
9.04 

8.91 
6.84 
9.21 

8.38 
8.09 
8.51 

8.97 
8.48 
9.62 

8.72 
9.08 
9.00 

8.90 
8.45 
9.07 

8.40 
7.82 
7.93 

8.94 
8.50 
9.32 

26.38 
S6.66 

26.76 
67.09 

24.98 
52.77 

27.07 
66.55 

26.80 
66.27 

26.42 
56.26 

24.16 
51.39 

26.76 
66.37 

8.37 
8.18 
6.99 

8.40 
8.01 
a. 74 

8.49 
8.09 
7.82 

8.60 
7.85 
5.93 

8.08 

8. BO 
6.10 

8.42 
8.52 
6.79 

7.91 
8.39 
7.99 

8.10 
7.83 
6.01 

22.54 

23.16 

24.40 

22.38 

23-08 

23.73 

24.29 

21.94 

7.03 
6.99 
6.79 

S.32 
6.BB 

7.70 
7.63 
7.50 

6.11 
7.66 
7.30 

6.60 
7.71 
7.44 

6.51 
7.06 
7.44 

8.07 
8.20 
8.06 

6.45 
7.79 
7.44 

20.81 
43.35 

19.76 
42.91 

22.83 
47.23 

21,07 
43.46 

21.66 
44.73 

21.01 
44.74 

24.32 
48.61 

21.69 
43.63 

Bip.No.TI,iabJ 

HJt8.A.B. 

4daTiL 

Bzperl 

meataNoi 

■.m«8t,aiidlO. 

11.17 
7.92 
7.68 

10.86 
8.29 
7.79 

10.60 
8.14 
8.06 

9.78 
8.66 
7.96 

11.32 

7.91 
8.69 

10.93 
8.81 
8.82 

9.29 
8.33 
8.43 

10.69 
8.26 
8.63 

26.67 

26.94 

26.80 

26.40 

27.92 

28.56 

26.05 

27.68 

8.00 
8.91 
8.68 

8.70 
8.66 
8.12 

8.38 
7.76 
8.31 

8.56 
9.47 
8.63 

8.24 
7.96 

8.61 

8.36 
7.96 
8.12 

8.13 
8.00 
8.47 

8.46 
7.68 
8.66 

26.68 
62.26 

26.38 
62.32 

24.43 
51.23 

26.66 
62.96 

24.70 
52.62 

24.43 

52.99 

24.60 
60.65 

24.69 
62,17 

8.18 
9.86 
6,14 

8.54 
9.37 
7.00 

8.26 
8.35 
7.93 

7.78 
8.05 
6.88 

9.28 
8.44 
7.47 

8.97 
8.29 
7.80 

8.66 
8.16 
8.18 

9.06 
8.34 
8.10 

24.17 

24.91 

24.63 

22.71 

26.19 

26.06 

24.90 

26.41 

7.68 
7.81 
8.09 

7.22 
7.78 
7.77 

8.07 
8.02 
8.16 

7,16 
8.68 
8.49 

7.21 
7.36 
7.63 

7.03 
7.28 
7.64 

8.13 
7.94 
8.38 

7.21 
7.27 
7.94 

23.58 
47.76 

22.77 
47.86 

24.24 

48.77 

24.33 
47.04 

22.19 
47.38 

21.96 
47.01 

24.45 
49.36 

22.42 
47.83 

Dioiiizeab,  Google 


600  Influenoe  of  Inaction  on  Ubtabousu. 

Proportion  of  oxygen  cantumedt  carbon  dioxide  and  water  eliminaitd,  and 
heat  produced  dvrmg  different  periodt. — The  rariations  in  tiie  amoimts  of  the 
four  factors — oxygen,  carbon  dioxide,  water,  and  heat — which  occur  during 
the  different  perioda  of  the  day  are  recorded  in  temu  of  per  cents  in  table  340. 

A  certain  parallelism  appears  in  the  proportions  of  these  four  factors;  thus, 
the  largest  luitabolic  activity  occors,  as  a  role,  daring  the  first  period  of  tiie 
day  when  more  oxygen  is  consomed  and  carbon  dioxide  and  water  given  off 
and  heat  produced  than  dnring  any  other  period  of  the  day.  A  dose  examina- 
tion of  the  figures  shows  that  in  the  S-hour  periods  dnring  the  night  from 
1  to  7  a.  m.,  the  resnlta  from  period  to  period  are  on  the  whole  more  nearly 
constant  than  daring  those  of  any  other  6  hours.  As  has  been  shown  in  the 
foregoing  discussion,  the  influence  of  external  muscular  actirity  is  compara- 
tively  unimportant  in  its  effect  on  the  total  beat  production  of  a  fasting  man 
at  rest.  The  results  further  show  that  although  fluctuations  in  the  pulse  rate 
(assumed  to  be  due  to  changes  in  the  work  of  circulatioa)  do  not  account  for 
the  marked  differences  in  the  accompanying  heat  prodnction,  neverthelees  the 
poise  rate  has  been  found  to  be  a  remarkably  good  index  of  the  rise  or  fall  in 
the  amount  of  heat  prodnced.  The  external  moscular  actirity  as  well  as  the 
pulse  rate  is  usually  lowest  during  the  period  from  1  to  7  a.  m. 

Dnring  periods  of  sleep  major  muscular  movements  were  not  impossible,  but 
it  is  probable  that  in  general  the  sabjects  were  in  about  the  same  de^jree  of 
muscular  actirity  in  all  the  experiments.  It  is  quite  probable  that  extraneous 
muscular  exertion  can  be  neglected,  although  undoubtedly  on  certain  nights, 
when  the  subjects  reported  a  poor  nighfs  sleep  or  the  physical  assistant 
recorded  unusual  muscular  actirity,  the  external  muscular  actiri^  did  have 
an  infiaence  on  the  total  katabolism.  It  is  of  especial  interest  to  study  the 
four  important  factors  during  this  night  period.  For  purposes  of  comparison, 
the  amount  of  oxygen  consumed,  carbon  dioxide  and  water  given  off,  and  heat 
produced  per  minute,  are  computed  from  1  to  7  a.  m.  in  sdl  the  experiments 
with  and  without  food.    These  results  are  given  in  table  241. 

The  striking  feature  of  these  comparisons  is  the  fact  that  in  the  longer 
experiments,  except  No.  77,  which  was  abnormal  in  this  and  other  respecta, 
during  the  night  period  when  the  muscular  actirity  is  at  the  minimum,  there 
is  a  progressive  diminution  in  the  total  katabolism  as  indicated  by  the  con- 
sumption of  oxygen,  the  elimination  of  carbon  dioxide  and  water-vapor,  and 
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Tabu  241. — Tolwme  of  osygen  oonmmed  attd  atMwnU  of  corfion  dioxide  and  water 
eliminated  and  lieat  produced  per  minute  from  1  a.  m.  to  1  a.  m.  in  me(aCoI<«m 
experiment*  with  and  without  load. 
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Tabu  HI. — Tohune  of  oxygen  coruttmed  o»a  amounts  of  carbon  OtovUe  and  vaUr 
elitninatea  and  heat  produced  per  mlnnte  from  1  a.  m.  to  7  a.  m.  In  mvUtboUtm 
eaperimente  toitk  and  vtithout  food — Continued. 


^rt 

e<a>l«t  >nd  d>t<>. 

.SKi 

■UmiiuMd. 

WMtr 

pcoduotia.. 

Pwkiio- 

Perkil* 

SIS' 

Si 

■nibcw. 

Pvkilo- 

76... 

aA.B.,  1905: 
Mar.  11-12.... 
Mar.  12-13.... 
Mm.  13-14. . . . 

3!m9 
3.243 
3.236 

lO^O 
100.6 
100.7 

2.^ 
2.691 
2.943 

ex.     1  Onm. 
83.30    .0070 
83. 60!    .0067 
91.66    .0069 

.2085 
.2144 

CoIOfH. 

.0173 
.0163 
.0168 

Cabrit. 
,6372 
.6066 
.6211 

77... 

8.  A.  B.,  1905  : 
Apr.  8-9.... 
Apr.  9-10.... 
Apr.  10-11.... 
Apr.  11-12. . . . 

3.976 
4.091 
4.302 
4.611 

127.3 
130.3 
136.9 
141.6 

3.125 
2.994 
3.064 
3.131 

100.06 
95.36 
96.81 
98.28 

.0073 
.0069 
.0071 
.0076 

.2330 
.2202 
.2241 
.2379 

.0194 
.0206 
.0222 
.0219 

.6316 
.6666 
.7008 
.6862 

79... 

H.K.8.,  1905: 
Oct.  13-14. . . . 
Oct.  14-15. . . . 

4.617 
4.736 

144.0 
146.6 

3.662 
3.696 

111.07 
114.40 

.0086 
.0084 

.2683 
.2611 

.0228 
.0244 

.7046 
.7647 

80... 

C.R.Y.,  1905: 
Oct. 27-28. ... 
Oot.  38-29.... 

i.404 

134.8 
146.0 

t.061 

101.37 
109.60 

.0117 
.0110 

.3874 
.3633 

.0196 
.2004 

.6617 
.6722 

81... 

A.H.M.,  1905: 
Nov.  21-22.... 
Nov.  22-23.... 

3.67S 
3.763 

114.6 
119.6 

2.666 
2.696 

86.17 
86.88 

.0063 
.0077 

.2026 
.2446 

.0160 
.0184 

.6141 
.6868 

32... 

H.C.K.,  1905: 
Nov.  24-25. . . . 
Nov.  26-26.... 

3.652 
4.299 

110.6 
144.0 

2.923 
3.273 

98.40 
109.61 

.0071 
.0081 

.2377 
.2716 

.0182 
.0208 

.6133 
.6977 

S3... 

H.R.D.,  1905: 
Dm.   6-6.... 
Dec.   6-  7. . . . 

4.345 
4.t^ 

134.6 
142.7 

3.327 
3.296 

102.97 
101.60 

.0086 
.0078 

.2663 
.2394 

.0213 
.0219 

.6602 
.6764 

86... 

N.M.P.,  1905: 
Dec.  9-10.... 
Dec.  10-11.... 

4.001 
4.410 

131.9 
144.6 

3.063 
3.420 

101.63 
112.08 

.0076 
.0090 

.2489 
.2964 

.0197 
.0217 

.6498 
.7118 

89... 

D.W.,  1906: 

Jw.  10-11. . . . 
Jan.  11-12. . . . 

3.690 
3.430 

128.2 
118.6 

2.871 
a. 701 

99.76 
93.36 

.0071 
.0068 

.2460 
.2345 

.0176 
.0168 

.6064 

.6821 

a  b,  Google 


KATAB0U8M   AND   HeAT    PbODDOTION.  503 

what  manner  this  high  heat  prodnction  is  associated  with  fever,"*  the  ezperi- 
mente  do  not  shov,  since  the  pulse  rate  and  reepiration  rate  are  not  known. 
For  the  food  experiments  with  S.  A.  B.  there  was  no  increase  in  the  heat  pro- 
duction in  experiment  No.  73  over  the  last  day  of  experiment  No.  71.  Simi- 
larly in  experiment  No.  74,  the  heat  production  during  the  night  was  even 
lees  than  during  the  fasting  period  of  experiment  No.  73.  Experiment  No,  76 
showed,  on  the  average,  a  slight  increase  over  the  heat  prodnction  of  the  last 
dajB  of  experiment  No.  75.  It  is  reasonable  to  suppose,  therefore,  that  any 
variation  in  the  heat  production  during  the  ingestion  of  food  is  not  prolonged 
into  the  night  period  from  1  to  7  a.  m.  TJnpuhlished  experiments  made  in 
this  laboratory  indicate  that  the  extra  heat  production  following  the  ingestion 
of  food  is  in  large  part  dissipated  shortly  after  the  food  is  taken,  the  normal 
resting  metabolism  without  food  being  reached  after  a  few  hours. 

With  the  subject  S.  A.  B.  it  is  apparent  that  the  minimum  heat  production 
during  inanition  is  not  far  from  0.0167  calorie  per  kilc^am  of  body-weight, 
or  0.52  calorie  per  square  meter  of  body  surface  per  minute. 

Relation  between  relative  humidity,  water  of  oxidation  of  organic  hydrogen, 
and  totai  keat  production. — The  water  of  oxidation  of  organic  hydn^^en 
includes  all  the  organic  hydrogen  of  the  protein,  fat,  and  glycogen  katabolized. 
It  is,  therefore,  roughly  speaking,  a  measare  of  the  total  katabolism  during 
the  day,  and  since  the  total  katabolism  determines  the  heat  production,  there 
should  be  more  or  less  constant  ratios  between  these  two  factors.  In  table  343 
are  recorded  the  relative  humidity,  the  water  of  oxidation  of  organic  hydrogen, 
and  the  total  heat  production. 

The  relative  humidity  and  its  influence  on  the  water  of  vaporization  has 
already  been  discussed  (see  p.  428) .  The  conditions  determining  the  relative 
humidity  inside  this  type  of  respiration  chamber  present  certain  features  of 
nnosnal  interest.  The  ventilating  air-current  enters  the  respiration  chamber 
absolutely  dry.  The  body  of  the  subject  gives  oft  water  continnously  to  this 
air,  and,  depending  upon  the  rate  of  ventilation  and  muscnlar  activity  and 
consequent  water  output  of  the  subject,  the  relative  humidity  may  vary.  In 
all  the  experiments  the  rate  of  ventilation  was  practically  constant  (see  p.  429), 
but  the  influence  of  internal  and  external  muscular  activity  (measured  by  the 
total  heat  production)  on  the  variations  in  relative  hnmidity  is  worthy  of 
note.  In  general,  the  relative  humidity  decreases  witti  a  diminution  in  the 
total  heat  production  and  increases  vritfa  a  rise  in  the  heat  producti(m,  although 
it  may  he  noted  that  in  experiments  with  the  same  subject  a  marked  varia- 
tion in  the  relative  humidi^  of  the  air  inside  the  chamber  may  occur  on 
different  days  of  the  different  experiments  when  the  total  heat  production 
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does  not  vary.  Thus,  on  the  second  day  of  experiment  No.  71  with  S.  A.  B., 
the  reUtiTe  humidity  was  36.6  per  cent  and  the  total  heat  production  waa 
1844  calories  while  on  the  third  day  of  experiment  No.  77,  the  total  heat  pro- 
daction  was  1840  calories  and  the  relative  bnmidity  only  30.2  per  cent.  Snch  a 
lack  of  agreement  ia  even  more  noticeable  in  the  experiments  with  different  sub- 
jects. Thus,  on  the  second  day  of  experiment  No.  80,  the  relative  humidity 
was  64  per  cent  and  the  total  heat  production  3099  calories,  while  on  the  first 
day  of  experiment  No.  85,  the  total  heat  production  was  3109  calories  and  the 
relative  humidity  35.6  per  cent.  In  spite  of  these  gross  Sactnations  there  is  a 
tendency,  however,  for  the  relative  hnmidity  to  vary  with  the  total  heat 
production. 

The  floctoations  in  the  amounts  of  water  resulting  from  the  oxidation  of 
organic  hydrogen  are  remarkably  comparable  with  those  of  the  total  heat 
production,  especially  after  the  first  day  of  the  fast  The  relation  between 
these  two  products  bears  out  the  assertion  made  previously,  that  the  metaboUsni 
on  the  first  day  of  fasting  can  not  be  considered  aa  true  fasting  metabolism. 
From  the  average  of  these  experiments  with  and  without  food,  it  is  seen  that 
each  gram  of  water  of  oxidation  of  organic  hydrogen  is  accompanied  by  the 
production  of  9.1  calories  and  every  gram  of  organic  hydrogen  oxidized  is 
accompanied  by  a  heat  production  amounting  to  83.4  calories. 

OXYGEN    AND  CARBON    DIOXIDE  THERMAL  QUOTIENTS. 

The  number  of  grams  of  carbon  dioxide  produced  and  oxygen  absorbed  per 
100  calories  of  heat,  the  so-called  carbon  dioride  and  oxygen  thermal  quotients, 
are  recorded  for  experiments  with  and  without  food  in  table  243. 

The  oxygen  thermal  quotients  show  that  for  every  100  calories  of  heat 
there  were  about  30  grams  of  oxygen  absorbed.  The  accuracy  of  the  determi- 
nations of  oxygen  with  this  apparatus  have  been  found  by  check  teats,  to  be 
within  1  per  cent.  It  is  evident  that  this  error  allows  a  fluctuation  of  from 
39.8  to  30.3  in  the  thermal  quotient  In  the  majority  of  cases  it  is  believed 
that  the  oxygen  was  determined  to  within  1  per  cent  and  therefore  the  values 
given  are  of  significance.  It  is,  nevertheless,  a  fact  that  the  determination  of 
the  carbon  dioxide  is  mnch  less  difficult  than  that  of  oxygen,  and  consequently 
for  any  comparison  between  the  heat  and  oxygen  or  carbon  dioxide  the  latter 
factor  must  be  considered  the  more  accurate.    The  lowest  oxygen  thermal 
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fl.A.B.,1905: 

Dec.  31-38.... 

48,0 

844 

8388 

Mar.   4-  S.... 

38.8 

196 

1765 

DWJ.  33-88. . . . 

60.5 

376 

3457 

Har.   5-  6. . . . 

89.0 

189 

1768 

Mar.   8-7.... 

89.4 

187 

1797 

73.. 

8.A.B.,  1906: 

Mar.   7-  8  . , 

27.3 

185 

1776 

Jan. 11-18.... 

83.0 

164 

1876 

Mar.    8-  9. . . . 

36.4 

178 

1849 

Mar.    »-10.... 

34.4 

168 

1558 

74.. 

8.A.B.,I905: 

Mar.lO-n.... 

88.1 

184 

1568 

Feb.  8-8 

Feb.  8-4 

80.0 

36,7 

184 
184 

1691 
16S6 

77.. 

B.A.B.,  1905: 
Apr.    S-  ».... 

80.6 

308 

1874 

Feb.  4-6 

39.8 

187 

1607 

Apr.   9-10.... 

80.7 

308 

1880 

78.. 

8.A.B.,  1908: 

Apr.  10-11... 

80.3 

193 

1840 

Mar.ll-ia.... 

87.3 

191 

1707 

Apr.  11-ia. . . . 

39.7 

188 

1807 

Mar.  13-18. . . . 

88.5 

194 

1738 

79.. 

H.E.8.,  190B: 
Oct.  IB-U. . . . 
Oct.  14-15.... 

57.0 
61.8 

880 
815 

IWl 
8047 

Mar.  18-14.... 
Average  of  all 

80.0 

206 

175S 

909 

1911 

Dioiiizeab,  Google 


Infloence  of  Inakition  on  Mbtaboubm. 


B.F.D., 
A.L.1,., 
A.L.L., 
A.L.L., 
8.A.B., 
8.A.B., 
S.A.B., 
S.A.B., 
B.A.B., 
8.A.B., 
8.A.B., 
H.E.3., 
C.R.T., 
A.H.H., 
H.C.K., 
H.R.D., 
N.M.P., 
D.W., 


I>ec.  IS  to  90,  IMa  ; 

CftrboD  dlozlda... 
Apr.  3T  to  Se,  1904  : 

Carbon  dloxld*. .. 
Dec.  IS  to  IB,  IIHH : 

CsTboD  dio^d*. . . 
D«c.  20to8a,  1904: 

OXJKBD 

Carbon  dioxide. .. 
Jao.  T  to  10,  1»<H(: 

Oiygen 

CarboQ  dioxide. . . 
JtLtt.  11,  1905: 

Oxygen 

Carbon  dioxide  . . . 
Jan.  3B  toFeb.l,190S: 

Carbon  dioxide.. . 
Feb.  3  to  4,  190S: 

Oxygen 

CuboD  dioxide... 
Mar.  4  to  10,  1905. . . . 

Oxygen 

Carbon  dioxide 
Mar.  11  to  IS,  IMS : 

Oxjgen 

Carbon  dioxide. .. 
Apr.  8  to  11,  IVOS: 

Oxygen 

Carbon  dioxide... 
Oot.  18  to  14,  1906: 

Oxygen 

Carbon  dioxide.. . 
Oct.  ST  to  88,  1905: 

Oxygen 

Carbon  dioxide. .. 
,  Not.  31  to  S3,  1905: 

Oxygen 

Carbon  dioxide... 
Not.  34  to  S9,  1906 : 

Carbon  dioxide... 
Dec.  B  to  e,  1906 : 

Oxygen 

Carbon  dioxide... 
Dec.  9  to  10,  1005: 

Carbon  dioxide... 
Jan.  10  to  11,  1906: 

Carbon  dioxide... 
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The  absorption  of  oxygen  results  in  the  combmtion  of  carbon  in  the  case  of 
glycogen  assuming  that  the  oxygen  of  the  carbohydrate  molecule  combines 
with  the  hydrogen,'  and  the  combustion  of  carbon  and  organic  hydrogen  in  the 
case  of  fat  and  protein,  and  hence  it  would  be  expected  that  the  oiygen  thermal 
quotient  would  vary  with  the  proportions  of  protein,  fat,  and  glycogen  con- 
snmed.  Since  the  widest  fluctuations  in  the  relative  proportions  of  these  com- 
pounds occur  on  the  first  day  of  the  experiments,  the  oxygen  thermal  quotients 
would  be  expected  to  be  leas  regular  on  the  first  day  than  on  other  days  of  the 
fasts.  It  will  be  noticed  that  the  highest  and  lowest  quotients  were  observed  on 
the  third  and  fifth  days  of  fasting.  This  fact  is  of  importance  in  the  subsequent 
comparison  of  the  heat  production  with  the  estimated  energy  of  the  material 
oxidized  in  the  body  (see  p.  514).  When  the  rehtive  proportions  of  protein, 
fat,  and  carbohydrate  become  more  nearly  established  as  on  the  second  and 
subsequent  days,  the  quotient  should  remain  practically  constant,  although 
the  fact  must  not  be  lost  sight  of  that  there  are  relatively  wide  variations  in 
the  proportions  of  glycogen  and  fat  katabolized  even  on  some  of  the  later 
fasting  days.  Making  due  allowance,  however,  for  such  deviations,  it  is  clear 
tliat  marked  variations  in  the  oxygen  thermal  quotients  in  the  later  days  of 
fasting  are  due  to  one  of  two  things,-  defective  oxygen  determinations  or 
defective  heat  measurements.  A  further  discussion  of  the  relation  of  oxygen 
and  heat  production  is  given  on  page  615. 

The  carbon  dioxide  thermal  quotient,  like  that  of  the  oxygen  is  determined 
by  the  nature  of  the  nrnterial  burned.  The  larger  the  amount  of  glycogen, 
the  greater  the  amount  of  carbon  dioxide  produced  per  100  calories  of  energy. 
Consequently  we  would  expect  to  find  on  the  first  day  of  fasting,  where  tiie 
greater  amount  of  glycogen  is  consumed,  the  larger  carbon  dioxide  thermal 
quotient.  It  is  important  to  recognize  that  in  comparing  these  quotients  the 
variations  in  the  total  24  hours'  heat  production  from  experiment  to  experi- 
ment are  without  significance.  In  general,  the  carbon  dioxide  thermal  quotients 
are  greatest  on  the  first  day  of  the  fast.  After  the  relative  proportions  of 
protein,  glycogen,  and  fat  katabolized  in  the  body  have  attained  a  constancy, 
the  quotient  has  a  tendency  to  remain  constant,  in  general  not  far  from  30.7. 
The  lowest  carbon  dioxide-thermal  quotient  observed  in  any  of  the  experiments 
is  29.45  on  the  second  day  of  experiment  No.  81  and  the  highest  34.70  on  the 
third  day  of  food  experiment  No.  76. 
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COMPARISON   OF  ALL  FACTORS   OF   KATABOUSM. 

The  different  relations  between  the  carbon  dioxide  and  heat,  and  the  methods 

of  expreeeiog  the  output  per  square  meter  of  body  surface  and  per  kilogram  of 

body-weight  computed  and  tabulated  iu  fhie  report  are  those  which  hare  been 
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sectioD  of  this  report  fnniis)!  all  the  Btatistical  details  iai  eucli  compotations 
88  may  be  desired. 
The  method  of  ahowing  the  relative  katabollBm  by  cmres  has  beea  elaborated 


for  one  typical  ezperimeDt  {No.  76 — a  seven  days  fast),  and  the  reenlts  are 
given  in  the  two  mures  herewith. 

The  curves  are  in  large  part  self-explanatory.    The  nnifonnity  between  the 
cnrree  for  water  vaporized,  heat  production,  carbon  dioxide,  oxygen,  water  of 
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organic  hydrogen,  and  pulse  is  eepeciallj  well  marked.  It  would  appear,  then, 
that  these  factore  of  kataboHem  are  in  a  general  way  directly  proportional  to 
the  pulse  rate  even  with  the  inadequate  records  made  in  this  experiment,  and 
this  corre  emphasizes  more  perhaps  than  could  any  series  of  fignree,  the  im- 
portance of  making  records  of  poise  rate  in  metabolism  eiperiments.  Antici- 
pating this  extreme  regularity  between  the  pulse  rate  and  the  factors  of  meta- 
bolism, in  the  experiments  Nob.  79  to  89  inclusive  especial  care  was  taken  to 
secure  the  pulse  and  respiration  rate  (see  p.  328).  The  protein,  fat,  and 
glycogen  katabolized  and  the  amounts  of  the  urinary  constituents  are  shown  in 
the  second  set  of  curves.  The  curve  for  the  protein  obviously  follows  directly 
the  nitrogen  of  urine.  The  relation  between  the  katabolism  of  fat  and  glyco- 
gen ie  shown,  since  as  the  katabolism  of  glycogen  decreases,  the  fat  katabolised 
increases  in  nearly  every  instance.  The  energy  of  the  urine  follows  in  a  general 
way  the  organic  matter  and  the  carbon,  but  there  is  little,  if  any,  relation  be- 
tween the  nitrogen  and  the  other  factore  in  the  urine. 

ENERGY    BALANCE. 

The  increased  accuracy  in  the  apportionment  of  the  katabolism  between  the 
three  compounda — protein,  fat,  and  carbohydrate — in  the  experiments  during 
inanition,  makes  the  estimate  of  the  energy  of  material  katabolized  from  the 
body  much  more  accurate  than  in  the  older  experiments  in  which  there  was 
no  exact  knowledge  of  the  amounte  of  glycogen  katabolized,  and  in  all  proba- 
bility the  estiinated  energy  of  material  oxidized  in  the  body  computed  from  the 
amoonte  of  protein,  fat,  and  glycogen  katabolized  results  in  much  closer  approx- 
imations to  the  actual  energy  transformations  than  have  as  yet  been  available 
te  physiologists. 

In  the  experiments  during  inanition  previously  reported  from  this  labora- 
tory" the  estimated  energy  of  material  katabolized  was  compared  with  the 
heat  production.  The  stere  of  glycogen  in  this  comparison  was  assumed  to 
have  remained  unaltered.  Furthermore,  while  the  heat  elimination  was  in  all 
probability  determined  with  reasonable  accuracy  the  heat  production  was  not 
measured  as  accurately  as  in  the  present  series  of  fasting  experimente. 

The  results  show  that  the  differences  in  three  experiments  between  the  esti- 
mated energy  from  material  actually  oxidized  and  the  net  heat  out^o  were  some- 
what over  100  calories.  In  these  Ihree  experimente  (Noe.  36,  39,  and  42),  the 
energy  meaeured  as  heat  waa  less  than  the  estimated  energy  of  material 
actually  oxidized  in  the  body.  The  percentage  error  was  — 6.1,  — 5.4,  and 
— 5.S  per  cent  for  the  three  experiments,  respectively.  On  the  other  hand, 
on  the  2  days  of  experiment  No.  61,  the  agreement  between  the  energy  of 
material  actually  oxidized  and  that  measured  as  heat  was  extremely  close. 
No  wholly  satisfactory  explanation  appears  at  present  for  this  agreement 

■"  U.  S,  Dept.  Agr.,  Office  ot  EJxpt.  Sta,  Bui.  138. 
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Experiment  No.  51  immediately  followed  a  1-day  experiment,  No.  50,  in  which 
the  subject  was  distinctly  UL  He  was  compelled  to  stop  the  work  experiment 
is  whi<^  he  was  engaged  and  lie  down  during  the  day,  consaming  but  a  small 
quantity  of  food.  Therefore,  the  effect  of  the  preliminary  day  before  the  8 
days  of  fasting  may  have  been  ench  as  to  cause  errors  either  in  the  results  of 
aiulyses  or  the  heat  measurements.  There  is  a  strong  probability,  too,  that 
after  the  severe  muscnlar  work  on  the  3  days  preceding  experiment  No.  50,  the 
store  of  glycogen  in  the  body  had  been  heavily  drawn  upon  and,  therefore, 
did  not  undergo  material  alteration  daring  fasting.  Against  this  latter  suppo- 
sition is  the  fact  that  for  the  3  days  of  experiment  No.  id,  although  the  subject 
worked  very  severely,  he  was  supplied  with  a  very  large  amount  of  carbo- 
hydrates in  the  diet,  and  analyses  shoved  that  during  the  last  2  days  of  the 
experiment,  there  was  a  small  gain  of  carbon  to  the  body.  On  the  contrary, 
there  was  a  marked  loss  of  carbon  with  probably  heavy  drafts  upon  previously- 
stored  glycogen  in  the  1-day  experiment  No.  50,  which  immediately  preceded 
the  3  days  of  fast.  The  results,  then,  in  all  of  the  earlier  experiments  would 
imply  that  a  very  material  error  is  present  when  the  assumption  is  made  that 
the  glycogen  content  of  the  body  remains  constant,  save  in  experiments  where 
the  store  of  glycogen  has  previously  been  considerably  depleted^ 

Since  the  apparatus  used  in  connection  with  these  experiments  permitted 
the  direct  measurement  of  heat,  the  estimated  energy  of  material  oxidized  from 
the  body  can  be  compared  directly  with  the  heat  production,  and  since  the 
law  of  the  transformation  of  energy  holds  true  in  the  human  body,  the  accuracy 
of  the  method  of  estimating  the  heat  production  from  the  total  kataholism  can 
be  checked.  For  purpoeee  of  comparison,  the  estimated  energy  of  katabolized 
body  material,  the  total  heat  production,  and  the  differences  between  the  total 
heat  production  and  the  energy  from  body  material,  expressed  both  in  terms  of 
calories  and  per  cent,  are  given  in  table  S44. 

The  widest  discrepancy  noted  on  any  day  during  inanition  is  on  the  fifth 
day  of  experiment  No.  ?3  where  the  estimated  energy  of  katabolized  body 
material  was  66  calories  greater  than  the  total  heat  production,  a  discrepancy 
amounting  to  +  4.3  per  cent.  On  the  last  3  days  of  experiment  No.  74  (with 
food),  there  were  discrepancies  of  -(-4.3  and  -|-3.9  per  cent,  respectively. 
Usually  the  discrepancies  are  extremely  small.  Thus  in  the  average  of  43 
days  of  experiments  without  food,  the  estimated  energy  of  katabolized  body 
material,  1937  calories,  was  but  13  calories  greater  than  the  average  total  heat 
production,  a  discrepancy  of  -|-  0.7  per  cent.  A  somewhat  greater  discrepancy 
was  observed  in  the  smaller  number  of  food  experiments,  the  estimated  energy 
from  body  material,  1879  calories,  being  30  calories  greater  than  the  totcU 
heat  production,  corresponding  to  a  discrepancy  of  +  1.1  per  cent.  The  aver- 
age for  all  the  experiments  here  published  covering  53  days,  with  and  without 
food,  shows  a  discrepancy  of  -|-  0.7  per  cent. 
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Tabix  S44. — CMiporlMm  of  oompntvi  imd  m 


Sub^eot  and  dat«. 


B.T.D.,  1903: 

Dec.  18-19 

D«.  19-30 

Dbo.  10-91 

A.L.L.,  1904: 

Apr.  97-38 

Apr.  88-99 

A.L.L.,  19M : 

Dec.  lft-17 

D«e.  17-18 

Deo.  18-19 

Dm.  19-30 

8.A.B.,  1B06: 

Ju.    7-  8 

Jul.    8-  9 

Jm.    9-10 

Jw.  10-11 

8.A.B.,  1905: 

Jtn.  28-89. 

Jan.  39-80 

J»D.  80-81 

Jan.  81-Feb.  1 

Feb.    1-  9 

8.A.B.,    1006: 

Mar.    *-  B 

Mar.    B-  8 

liar.    8-7 

Mar.    7-  8 

Mar.    8-  9 

Mar.    9-10 

Mar.  10-1! 

S.A.B.,  1906: 

Apr.    8-  9 

Apr.    9-10 

Apr,  10-11 

Apr.  11-ia   

[.B.B.,  190S: 

Oct  18-1* ... 

Oct  14-16 

C.B,T.,  1906: 

Oct.  37-a« 

Oct.  98-39 

A.H.M.,  1906: 

K0T.81-a3 

NoT.29-98 


9199 
3116 
9169 


9018 
1800 
1800 
1068 


1789 
1878 
1614 


1790 
1790 
1786 
1784 
1688 
1647 
1646 


1886 
1910 
1776 
1770 


Tottl 


CalortM. 
8080 
9107 
9103 


1061 
9168 
9086 
1968 

1070 
1844 
1746 
1606 


1791 
1789 
1808 
1648 


1766 
1768 
1797 
1776 
1649 
1668 


1874 
1880 
1840 
1807 


BiiBTfr  from  body 
mktenal  )[n*ter  (+) 
or  ■•■i{— )thaiiiniti)at. 

Amount.    IPiopoTttoD. 


CaiwiN. 

+  4! 
+   8 


+  16 

+  54 
+  41 
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Bxperl- 
Dumber. 

Bablaet  and  date. 

BMImsted 

Total 

as- 

BiieisT  from  bodj 
matecul  ereat«r  1+) 
aTlGu(-)au]oytiiut. 

Amount. 

88 

88 

SS 

S9 

70 

78 

71 

76 

H.C.E.,  1905: 

0404 

IMO 
1S6S 

3117 
8978 

8197 

9088 
98S> 
3iTi 

1727 

ITll 
IffW 
1009 

1778 
lOM 
17*8 

1967 
1879 
1930 

8*77 

19U 
1907 

8109 
9806 

8160 
8964 

9104 
9S88 
8457 

1«7« 

IBOl 
1665 
1007 

1787 
178B 
1708 

1984 
ISSO 
10U 

+  17 

+  4« 
-62 

+  8 
-88 

+  47 
+80 

—16 
+  S0 

+  17 

+  61 

+  20 
+  08 
+  02 

+  6 
-89 
-10 

+  18 
+  20 
+  14 

+0.7 

+  8.4 

-8.7 

+  0.4 
-1.4 

+8.S 
+  1.8 

—0.7 
+  1.8 
+  0.7 

+  8.0 

+  1,2 
+  4.8 
+  8.0 

+  0.8 
-1.7 
-0.8 

+0.7 
+  1.1 
+  0.7 

B.B.D.,  1006: 

nM.B-« 

M.lf.F.,  lOM: 

D.W.,  IWO: 

Jm.  11-18 

A.L.L.,10M: 

8.A.B.,  1*00: 

8.A.B.,  1006 : 

reb.8-S 

B.A.B.,  1006; 

ATsnga  of   experlmsoU: 
Wiltaout  food  (48  d>j»). 

Vntb  food  (10  dkj*) 

DiscawpoDcieo  such  ae  appear  in  certain  of  the  experiments  between  the 
estimated  energy  of  katabolized  body  material  and  ihe  total  heat  production 
may  be  caused  by  a  number  of  faetora.  The  aaonrnptionB  inTolred  in  the  oom- 
pntatioiiB  as  used  with  the  preeeot  form  of  ^qwrstns  are  (1)  that  there  are  no 
differences  in  the  amoonte  of  {uu^lly  oxidized  material  in  the  body  at  the  end 
of  eada  day ;  and  (9)  tiiat  the  mat^al  in  the  urine  repreeente  the  inoomplstely 
oxidized  nitrogenous  fragmori^  of  the  protein  molecule.    The  infloenoe  of  any 
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erron  inToIved  in  tbeee  aseamptioDS  on  the  total  metaboUBtn  can  hardly  be 
eetimsted  with  our  present  knowledge  of  phjsiological  cbemistr;.  Since  for 
the  average  of  all  the  experiments,  the  discrepancy  between  the  compnted  and 
measured  heat  production  is  almost  insignificant,  it  would  appear  that  it  is 
reasonable  to  assume  that  in  the  few  instances  where  noticeable  discrepancies 
appear  there  are  specific  errors  other  than  those  involved  in  the  assumptions 
above  outlined,  which  have  inevitably  crept  into  the  chemical  and  physical 
measuremente.  Fortunately,  the  simultaneous  determination  of  the  oxygen 
absorbed  and  carbon  dioxide  and  heat  production  furnishes  an  unusual  check 
on  the  accuracy  of  the  method  in  general  and  the  computations  in  particular. 
From  the  ratios  between  the  oxygen  and  carbon  dioxide  and  the  beat,  clues 
regarding  the  causes  of  the  few  marked  discrepancies  observed  in  the  com- 
parisons may  be  obtained.  It  is  necessary,  therefore,  to  compare  the  data  given 
in  table  344  with  Aose  in  table  S43.  The  most  noticeable  discrepaociea 
between  the  compnted  energy  of  body  material  and  Qie  total  heat  production 
are  to  be  observed  on  the  last  day  of  experiment  STo.  73,  the  third  day  of 
experiment  No.  77,  and  the  last  2  days  of  experiment  No.  74.  Examining  the 
carbon  dioxide  and  oxygen  thermal  quotients  for  these  days,  certain  valuable 
conclusions  may  be  drawn.  Thus,  on  the  fifth  day  of  experiment  Ko.  73,  the 
oxygen  thermal  quotient  is  abnormally  high  while  the  carbon  dioxide  thermal 
quotient  is  approximately  normal  for  this  particular  experiment  Hence,  on 
this  day,  at  least,  the  flgniee  point  strongly  to  the  conclusion  that  there  was 
an  error  in  the  oxygen  determination  rather  than  in  the  heat  determination, 
and  consequently  the  discrepancy  of  +4.3  per  cent  implies  that  the  heat 
production  was  accurately  determined  while  the  estimated  energy  of  katabolized 
body  material  was  somewhat  too  high.  Again,  on  the  third  day  of  experiment 
Ko.  77,  the  oxygen  thermal  quotient  is  abnormally  low  while  the  con«Bponding 
carbon  dioxide  thermal  quotient  is  not  abnormal.  It  is  evident,  then,  that  in 
this  case  the  error  is  again  with  the  determination  of  oxygen,  so  that  the  total 
heat  production  is  probably  not  far  from  correct  Another  factor  enters  into 
food  experiment  No.  74.  The  oxygen-thermal  quotient  is  high  on  both  days 
but  the  carbon  dioxide  thermal  quotient  is  likewise  abnormally  high,  hence  it 
would  appear  that  on  these  2  days  the  error  is  with  the  measurement  of  heat 
re.iher  than  the  computed  products  of  kataboUsm.  It  is  of  course  not  impos- 
sible Uiat  minor  compensating  errors  may  enter  into  the  comparison  of  tiiese 
three  factors,  bat  certainly  the  simultaneous  determination  of  the  carbon  diox- 
ide elimination,  oxygen  consumption,  and  beat  production  is  of  the  greatest 
value  in  deducing  the  correct  balance  between  the  total  heat  production  and 
the  estimated  energy  of  katabolized  body  material  It  is,  furthermore,  signifi- 
cant that  none  of  the  ratios  seem  to  point  toward  marted  discrepanciee  in  the 
carbon  dioxide  determination,  bearing  out  the  results  of  check  tests  which  show 
that  the  carbon  dioxide  determinations  with  this  apparatus  are  extremely 
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accurate.  While,  tiien,  it  is  poeeible  witli  accurate  determinationB  of  carbon 
dioxide  and  oxygen,  in  addition  to  the  altimate  analjaee  of  the  orine,  to  com- 
pute the  total  heat  production  with  an  accuracy  lq  all  probability  well  within 
2  or  3  per  cent  and  with  a  large  number  of  experiments  an  average  accuracy  of 
lesB  than  1  per  cent,  accurate  heat  measurements  are  essential  in  any  study  of 
the  energy  transformationB  in  the  body.  The  carbon  dioxide  determination 
alone  is  insufScient,  likewise  the  oxygen  determination,  although  it  would 
appear  that  the  relation  between  the  oxygen  consumption  and  heat  production 
is  much  more  constant  on  the  different  days  of  the  fast  than  that  between  the 
carbon  dioxide  output  and  heat  production. 

From  the  molecular  weights  and  heats  of  combustion  of  fat  and  carbohydrate 
the  amount  of  energy  lib««ted  when  1  gram  of  oxygen  is  used  to  bum  either 
of  these  bodies  may  be  computed.  The  energy  reanlting  from  the  combustion 
of  1  gram  of  carbon  in  the  form  of  fat  or  carbohydrate  may  also  be  found. 
From  the  results  of  the  computations  it  will  be  seen  that  the  heat  production 
per  gram  of  oiygen  in  the  combustion  of  both  fat  and  carbohydrate  is  nearly 
the  same,  while  tlie  heat  production  per  gram  of  carbon  dioxide  produced  is 
considerably  more  in  the  case  of  the  combustion  of  fat  than  in  the  combustion 
of  carbohydrate.  Hence,  it  can  be  seen  that  irreepectiTe  of  whether  fat  or 
glycogen  is  burned  in  the  body,  the  energy  production  per  gram  of  oxygen 
consumed  will  always  be  nearly  the  same,  while  the  enei^  output  per  gram  of 
carbon  dioxide  will  vary,  depending  upon  the  relative  amounts  of  fat  and 
carbohydrate  oxidized. 

Theoretically,  there  should  be  no  discrepancy  between  the  estimated  energy 
of  the  material  oxidized  in  the  body  and  the  total  heat  production,  when  com- 
puted from  factors  as  accurately  determined  as  were  the  nitrogen,  carbon 
dioxide,  and  oxygen  of  these  experiments.  The  fact  remains,  however,  that 
experiments  of  this  nature  are  being  made  with  an  extremely  intricate  and 
complex  organism  and  not  in  a  test  tube  or  flask.  The  probable  limit  of  error 
we  have  arbitrarily  set  as  not  far  from  1.5  per  cent.  About  half  of  these 
experiments  come  inside  of  this  estimated  Umit  of  error,  and  yet  during  fasts 
the  assumptions  regarding  the  intermediary  metabolism  are  greater  perhaps 
than  in  any  other  class  of  experiments.  On  the  whole  it  is  doubtful  if  the  experi- 
ments could  have  been  conducted  so  as  to  secure  much  closer  agreement.  Cer- 
tain knovm  errors  which  could  not  be  properly  corrected  unavoidably  crept 
into  certain  of  tiie  experiments.  The  carbon  dioxide  and  oxygen  thermal  quo- 
tients, however,  suggest  strongly  the  nature  of  the  error  in  all  experiments 
vrith  marked  discrepancies.  Undoubtedly  many  other  unknown  errors  likewise 
found  their  way  into  the  conduct  of  the  experiments  and  the  compntations. 
On  the  whole,  however,  there  is  an  agreement  between  the  computed  energy 
and  that  directly  determined  that  is  as  satisfactory  as  physiological  experiments 
could  ordinarily  demand. 
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EXPERrMENTS  WITH    FOOD. 

All  the  obeerratioiiB  made  oa  mui  dnring  iaanition  would  imply  that  during 
a  proloDged  faat  the  whole  alimentar;  tract  is  quieeceot*"  CooaeipieiLtly  the 
in^tion  of  food  aftsr  a  prolonged  fast  would  natuzaU;  be  expected  to  result 
in  a  more  marked  Btimulation  of  peristaUis  aod  metaboliBm  in  general,  and  at 
first  s^t  it  would  appear  that  a  study  of  the  influence  of  the  iitgestioD  of 
food  could  best  be  made  immediately  after  a  prolonged  fast 

Data  regarding  the  influence  of  the  ingestion  of  food  can  be  obtained  in  three 
different  ways:  (1)  by  studying  the  influence  on  the  digestion  of  food  in 
general,  with  special  reference  to  the  effect  of  the  long  quiescence  of  the  ali- 
mentary tract  on  the  degree  of  the  absorption  of  food  materiala  after  fasting; 
(2)  by  observing  the  effect  on  the  total  metabtdism  of  the  ingestifHi  of  food 
after  fast;  and  (3)  by  studying  the  course  of  the  recovery  of  the  body  to  its 
normal  condition  including  both  a  study  of  the  length  of  time  required  for 
recovery  and  the  extent  to  which  the  losses  during  inanitiDn  were  oompensated. 
This  problem  is  closely  related  to  t>hat  attending  study  of  recoupawnt  after 
fever. 

The  first  of  these  methods  demands  for  its  success  that  the  amount  of  food 
ing^ted  be  lar^^  and  that  a  correct  separation  of  the  feces  be  obtained.  The 
Large  amounts  of  food  are  necessary  to  produce  the  maximwni  effect  and  Like- 
wise to  produce  a  sufGcient  amount  of  feces  to  permit  proper  separation.  If 
the  normal  conditions  of  metabolism  are  established  in  a  few  days,  in  cvder 
to  notice  the  particular  effect  of  the  transition  the  metaboliam  should  be 
most  carefully  studied  on  the  first  day. 

It  is  practically  impossible  even  under  the  most  advantageous  cendititms  of 
experimenting  to  sfiparate  the  feces  corresponding  to  the  food  of  any  one  day. 
In  experiments  in  which  a  special  diet  is  ingested  for  Z  dayq,  the  separation 
may  be  mode,  although  only  witb  considerable  difficulty.  Bnt  when  the 
previous  period  has  been  one  of  inanition,  with  the  delayed  ei^tulsion  of  fecal 
matter  belonging  to  the  food  period  prior  to  the  fast,  the  difficulties  of 
separating  the  faces  for  2  or  even  3  days  are  considerably  increased. 

The  second  method  of  study,  namely,  observation  of  the  effect  <m  Hie  total 
metaboUsni  to  be  observed  during  the  height  of  digestion,  should  also  he 
accompanied  with  large  amounts  of  food;  for  as  has  been  shown  by  a  nnmber 
of  .other  researches  in  which  the  re^iratory  quotient  has  been  the  criterion, 
the  efbct  of  the  ingestion  of  food  is  relatively  not  large,  and  ooosequently  the 
qusntitia  of  food  ingested  in  ej^teriments  of  this  Idnd  should  be  as  large  as 
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The  thizd  method,  namely,  etaij  of  the  eoiine  of  &e  recvnrj  after  fasting, 
obrioulj  i«qiiire8  «  longer  time  than  the  2  or  3  dsya'  aojoaxn  in  the  mpiration 
calorimeter  after  s  fa«tixig  period.  It  is  necessary,  therefore,  to  resort  to 
Btndiea  of  metabolinn  iriiieh  can  be  made  ontside  of  the  respiration  chamber, 
namely,  those  of  the  intake  and  ontpat  of  nitro^i,  sulphur,  phoephoms,  etc^ 
and  Budi  studies  ae  ba.Ye  been  lude  with  S.  A.  B.,  in  connection  with  Soma 
siperiments  roceire  special  discnsnon  beyond. 

UnfoTtiuuitely,  the  efEect  of  the  ingestion  of  food  tmntediately  aftsr  tiie 
fast  conld  not  be  stadied  in  tbeae  experimentB  nnder  conditioBS  whic^  enn 
approximated  the  ideal  eonditioDa  ontlined  i^Te.  In  connectiffli  wiUi  the 
fasting  experimentB  here  reported  four  experiments  in  which  food  was  ii^effted 
were  nuide,  daring  which  the  subject*  remained  inside  the  respiration  ct^nber 
ctrntinaonBly  from  1  to  3  dayB.  It  wae  soon  sera  that  a  practical  diffleoltj  was 
axpeiienoed  that  had  not  been  anticipated,  namely,  that  it  was  dtfficnlt,  if  sot 
indeed  dangeron,  to  administer  a  large  amoimt  of  food  on  the  first  day  fol- 
lowing a  fast.  Gottseqnently,  the  quantity  of  food  administered  had  to  be  very 
much  restricted  and  the  efFect  on  metabolism  and  digestibility  was  comspond- 
inglj  diminished.  Usaally  not  until  the  second  day  after  tiie  fast  could  an; 
considerable  amount  of  food  be  taken.  Thus  the  important  obeervations  on 
the  first  day  were  made  under  great  dindvantages. 

Furthermore,  the  separation  of  feces  was  in  erery  ease  extremely  difficult. 
While  no  diffieuhy  was  experienced  in  the  separatioD  at  the  end  (^  the  food 
period,  the  sharp  separation  of  the  feces  properly  apportioned  to  &«  food 
period  from  the  maes  of  fecal  matter  that  had  been  retained  in  the  colon 
during  the  whole  of  the  fast  was  extremely  difficult  The  feces  that  had  becsi 
for  a  long  time  in  the  alimentary  tract  had  been  deprived  of  their  water,  so 
tiiat,  at  least  in  one  instance,  the  water  content  was  as  low  as  50  per  cent 
This  mass  became  more  or  leas  mixed  with  the  softer,  fresher  feces  as  th^  were 
forced  through  the  colon  and  it  was  separated  after  expulsion  only  with  diffi- 
sulty.  Under  these  circumstxDeee,  then,  the  results  obtained  during  the  3-day 
ealorimater  expecimenti  in  itodying  tlie  problon  of  the  efEect  of  the  ingestion 
of  food  after  fasting  from  the  standpoint  of  the  influence  on  digestibility  and 
on  the  total  metabcdiem  have  a  rahie  cnBiderably  less  than  it  was  itapei  &ej 
wratd  bare. 

It  VIS,  fnrthamore,  spparait  that  this  metiiod  of  studying  the  stteet  at  Qa 
ingestaoD  of  food  after  fasting  was  impiacticsble,  and  that  an  entirel;  different 
type  of  experiment  must  be  used  for  a  proper  study  of  tliis  problem.  Accord- 
in^y,  during  the  past  year  experiments  hare  been  in  progress  in  ttiis  laboratory 
in  wUd)  large  quantities  of  food  were  ti^ested  after  a  short  fast  (IS  to  18 
houn)  rather  than  after  a  period  of  inanition  corering  several  days. 

The  method  of  stadying  the  effect  of  the  ingestion  of  food  after  a  short  fast 
was  soggetted  by  the  data  secured  in  the  fasting  experiments  here  reported. 
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These  data  seemed  to  indicate  that  in  general  the  fasting  katabolism  is 
reached  after  24  honrs  of  inanition.  The  results  of  the  ezperimentB  on  food 
iogeetion  after  short  fasts  will  be  pablished  in  a  snbeeqaent  report.  Since 
these  embody  a  type  of  experiment  somewhat  different  from  the  food  experi- 
ments here  reported,  it  seems  best  to  inclnde  with  the  fasting  experimmts 
the  data  obtained  from  the  food  ezperiments  immediately  following  them. 

The  results  obtained  have  mnch  general  interest  other  than  that  rtf^arding 
the  nutter  of  digestibility  or  the  effect  on  general  metabolism,  and  although 
the  special  discussion  of  the  effect  of  the  ingestion  of  food  on  metaboUnn  will 
be  taken  np  in  a  subsequent  publication  certain  features  are  here  discussed. 
Furthermore,  in  the  discussion  of  the  fasting  ezperimentB  the  data  for  the  sub- 
sequent days  with  food  have  frequently  been  inserted  in  the  derived  tables  for 
the  purpose  of  comparison.  Thus,  some  discussioQ  of  the  effect  of  ingestion  of 
food  has  already  been  given.  It  la  the  purpose  of  this  discussion  to  outline 
some  of  the  more  important  points  to  be  emphasized  in  connectitm  with  the 
data  for  food  experiments  Ifos.  70,  72,  74,  and  76. 

Aside  from  the  data  obtained  from  the  experiments  with  food  inside  the 
respiration  chamber,  the  data  for  the  food,  feces,  and  urine  were  obtained  for 
periods  of  considerable  length  following  food  experiment  No.  76  and  fasting 
experiment  No.  77,  and  many  interesting  data  on  the  third  point,  i.  e.,  recoup- 
ment after  fasting,  were  secured. 

In  these  experiments  the  total  income  of  food  and  the  outgo  in  urine  and 
feces  were  determined.  Since  the  primary  object  was  to  study  Qie  intake  and 
output  of  nitrogen,  they  have  been  designated  Nitrogen  Metabolism  Experi- 
ments, Nob.  1  and  S. 

The  results  of  these  experiments  on  the  long-continaed  ingestion  of  food 
are  here  presented  and  discussed.  The  detailed  statistical  data  hare  been  given 
on  pages  274  to  299. 

FaKUunoBS  in  FsKDnro. 
It  is  commonly  considered  among  professional  festers  and  others  whose 
experience  with  fasting  subjects  has  been  extended,  that  especial  cantion  should 
be  exercised  in  administering  food  after  a  fast.  The  ingestion  of  a  large 
amount  of  solid  food  into  the  stomach  after  a  long  period  of  rest,  causes  seriouB 
disturbance.  Hence,  in  the  esiperiments  reported  herewith,  special  care  was 
taken  to  avoid  any  complications  which  might  result  from  over-feeding.  In 
general,  the  subjects  were  given  small  amounts  of  milk  (less  than  half  a  glass) 
from  time  to  time,  and  no  solid  food  was  administered  until  several  hours  after 
the  fast  ended.  The  previous  experience  of  the  subject  S.  A.  B.  had  convinced 
him  that  his  fasts  were  beet  broken  by  taking  orange  juice.  Hence,  his  diet  for 
the  first  day  contained  only  orange  juice  and  small  quantities  of  milk.  In 
subsequent  experiments,  the  orange  juice  was  supplemented  by  a  small  amount 
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of  apple  and  in  one  case  b;  a  solid  food  in  the  ehape  of  glaten  crackers  and 
shredded  wheat.  After  faeting  experiment  So.  77,  tiie  subject  did  not  remain 
in  the  cbamber  and  his  diet  for  that  day  taken  outside  of  the  chamber  was 
chosen  at  wllL  Dnring  the  day  he  consumed  milk,  bread,  tomatoes,  lemons,  and 
oranges,  bnt  the  total  quantity  of  food  ingested  was  small,  famishing  bnt  13.47 
grama  of  protein,  and  1311  calories  of  energy  (see  table  176).  On  the  next 
day  the  quantity  of  protein  and  energy  was  more  than  doubled,  while  on  the 
third  day,  the  subject  consumed  130  grams  of  protein  and  3649  calories  of 
energy.  The  food  experiments  inside  the  respiration  calorimeter  which  fol- 
lowed certain  of  the  fasting  experiments,  formed  only  a  transitional  period 
from  fast  to  complete  food,  inasmuch  as  the  diet  consumed  was  generally  lim- 
ited, especially  as  regards  protein.  Thus,  in  experiment  No.  76,  the  food  fur- 
nished bat  37.6  grams  of  protein  and  1841  calories  of  energy  per  day,  and  while 
the  energy  was  eufficieot  to  meet  the  requirements  of  the  body  daring  the  inao- 
tive  period  in  the  calorimeter,  the  protein  was  not  euEBcient  to  equalize  the 
draft  upon  body  protein. 

On  the  first  day  after  food  experiment  No.  76,  i.  e.,  the  fourth  day  after  the 
end  of  the  fast,  the  subject  cousnmed  a  diet  famishing  131.6  grams  of  protein 
and  5064  calories  of  energy,  and  on  the  following  day,  the  amounts  were  even 
larger,  i.  e.,  167.5  gnvoa  of  protein  and  6612  calories  of  energy. 

While,  therefore,  the  subjects  were  unable  to  consume  large  amounts  of 
food  on  the  first  day  after  fast,  there  seemed  to  be  no  difficulty  in  ingesting 
large  quantities  on  the  second  day.  This  is  especially  noticeable  on  the  second 
day  after  experiment  No.  77,  as  has  been  pointed  out  above. 

THE  DIGESTIBILITY  OF  POOD  AFTER  INANITION. 
The  experiments  with  food  which  followed  the  fasting  experiments  in  the 
respiration  calorimet^  furnish  some  data  regarding  the  digestibility  of  food 
material  after  fasting.  It  is  conceirable  that  after  a  long  period  of  rest  the 
stimulus  due  to  the  ingeatioD  of  food  would  result  in  an  excessive  fiow  of  the 
digestive  juicee  and  increased  peristalsis,  and  in  an  expulaion  of  feces  from 
the  colon.  On  the  other  hand,  the  quantity  of  fecal  material  required  to 
distend  the  colon  before  defecation  might  result  in  a  delay  in  the  expulsion  of 
feces.  The  feces  from  ordinary  digestion  experiments  are  preceded  by  feces 
of  a  character  not  especially  different  from  those  to  be  analyzed.  Thus, 
separation  between  the  experimental  feces  and  those  resulting  from  the  food 
preceding  is  not  based  upon  physical  condition.  B^ularity  in  the  time  of 
meals  and  the  amounts  taken  is  also  of  importance  in  securing  uniform  con- 
sistency of  the  feces.  The  irregularity  in  the  ingestion  of  food,  especially  on 
the  first  day  following  fasting,  is  one  of  a  number  of  factors  which  tend  to 
hinder  the  accurate  separation  of  feces.  The  small  amounts  of  food  ingested 
on  the  first  day,  in  some  instances  containing  only  38  grams  of  protein, 
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obviosBl;  incmwe  maAedly  the  percentAgfi  error,  nncfl  any  Blight  <nrror  m  the 
wparation  of  feces  mold  sflect  materiaU;  tiie  ootAdsst  of  digeetEbility  of 
piotein. 

Diet. — Milk  was  the  chief  article  of  diet  in  thie  eeriee  of  food  ezperimetits 
in  the  calorimeter.  In  flie  aitn^en  metabolism  eiperiBtentB  a  Tery  nnch 
more  elaborate  eelection  of  foods  was  made,  but  the;  consieted  in  large  part  of 
milk,  cream,  fruit,  and  Te^efablea,  althongh  occaaionaUj  meat  wm  ttkea. 

Feca. — In  the  diacnesion  of  feces  after  fasting  it  was  pointed  out  thai  in 
none  of  the  calorimeter  experiments  here  reported  was  there  a  sa£9cieaitly  diarp 
and  accnrate  separation  of  feces  made  to  enable  any  special  quantity  to  be 
designated  as  fasting  feces.  In  only  one  instance  was  there  any  approximation 
to  snch  a  separation  and  a  snbseqoent  consideration  of  the  digestibility  of  Hie 
food  in  the  period  following  fast  shows  that  in  all  probability  the  so-called 
fasting  feces  were  in  reality  a  portion  of  the  feces  resulting  from  food  preced- 
ing the  experiment. 

iS«paraUon  of  feces. — It  has  already  been  stated  that  much  difficolty  was 
experienced  in  obtaining  sharp  separations  of  the  feces.  In  ordinary  diges- 
tion experiments  where  reasonably  marked  alterations  in  diet  between  the 
e:q>erimental  period  and  those  preceding  and  succeeding  it  are  concerned,  the 
technique  of  Qie  separation  of  feces  is  one  that  is  considerably  more  elaborate 
than  is  commonly  considered.  In  the  case  of  the  separation  of  feces  imme- 
diately following  a  fasting  period  the  problem  is  eren  more  complex,  and 
extreme  difficulty  has  been  experienced  in  nearly  every  instance  in  deeignsting 
the  fecal  mass  that  properly  belonged  to  the  period  of  experimenting  wlUi  food. 
As  has  been  stated  above,  no  typical  fasting  feces  were  isolated  in  these  experi- 
ments. Consequentiy,  whatever  errors  were  invcdved  in  the  separation  of  the 
feces  between  the  preliminary  food  days  and  the  first  fecee  of  the  feeding 
experiment  proper  increased  considerably  the  liability  of  error  in  tlie  proper 
apportionment  of  feces  to  the  experimental  period.  The  marked  alteration 
in  the  character  of  the  feces  resulting  from  their  long  sojourn  in  the  colon 
waa  an  added  difBcnlty." 

Analyses  of  the  feces. — Ordinarily,  In  the  analyses  of  feces,  the  determina- 
tions of  tiie  niteigen,  carbon,  organic  hydrogen,  water,  ash,  and  heat  of 
combustion  presented  no  unusual  difficulties.  The  determination  of  fat,  how- 
ever, demands  special  eomment.  On  the  assumption  that  only  small  amounts  ' 
of  Boap  exist  in  the  feces,  t}te  amounts  of  fat  have  usually  been  determined  by 
extraction  with  ether.  In  the  case  of  the  feces  from  experiment  No,  70  it 
was  found  that  the  amount  of  fat  was  amall,  but  when  the  heat  of  combustion 

"•In  one  Instance  Z0.4  gramB  of  feces  were  passed  which  contained  but  60  par 
cent  of  water.  This  Is  the  lowest  proportion  of  water  ever  found  In  feces  Id  tbla 
laborator7>  and  Indeed  we  are  not  familiar  with  way  records  of  fecal  material  that 
contained  so  small  a  proportion  of  water  as  this. 
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wae  oompnted  from  the  proximate  aoalyiiB,  ^ere  was  a  very  decided  disorop- 
IU1C7  between  the  eompoted  beat  of  cembiution  and  that  actually  found  by 
determination  with  the  bomb  calorimeter,  and  the  per  cent  of  aeh  was  mneh 
higher  tiian  ordinanly  foimd.  It  thne  appeared  tbst  some  material  of  a  high 
oiergy  eostent  ineolabte  in  ether  was  present  in  tiie  feoea,  and  by  treating  the 
feces  with  hydnxdJorio  add  and  alcohol,  large  amoonte  of  fatty  acidii  weie 
liberated  from  the  very  considerable  quantity  of  ao^  preeeot.  After  thie  ja«- 
liminary  treatment  wiA  bydrochlorio  acid  and  alcohol,  the  fecee  were  dried 
and  again  extracted  and  the  percentage  of  fat  was  increased  enormously,  eo 
mneh,  in  foot,  that  the  enm  of  ttie  peroentagee  of  water,  protein,  fat,  and  aeh 
was  more  than  100  per  emit.  This,  of  conree,  eliminated  all  carbohydrates  and 
further  showed  that  the  determinattoQ  of  one  of  the  eonstitaents  was  slightly 
too  high.  A  consider»tioQ  of  the  quantity  of  ash  in  the  feces  showed  ftatt  this 
was  unusually  large.  Since  the  modified  method  for  fat  determination  had 
shown  the  preeence  of  a  luge  amoont  of  soap,  in  the  abaoice  of  definite  ash 
analyses,  it  was  assumed  that  Hk  soap  present  was  combined  with  calcium,  and 
when  charred  the  cdcinm  remained  in  large  part  in  the  form  of  calcium 
carbonate,  which  would  hold  carbon  dioxide  at  the  low  temperature  of  incinera- 
tion of  ash  and  thus  yield  a  result  for  the  percentage  of  ash  higher  than  should 
be  obtfdned.  On  the  traais  of  this  assumption  it  was  decided  to  estimate  the 
ash  by  difference  and  hence  the  earn  of  the  percentages  of  water,  protein,  and 
fat  dedncied  from  100  per  cent  was  taken  as  the  peromtage  of  ash. 

TJnfortunately,  the  presence  of  this  large  proportion  of  calcium  soap  in  the 
feces  was  not  discoTered  until  the  samples  of  feces  fr<MB  some  of  the  expOTi- 
ments  had  been  entirely  need  in  making  different  deterramations,  so  that  it 
was  necessary  in  some  instances  to  assume  a  percentage  of  fat  based  upon  the 
msrked  increase  in  the  ether  soluble  material  of  other  samples  after  treatment 
with  hydrochloric  acid  and  alct^l. 

The  feoee  b^onging  to  metaboUam  experiment  No.  74  gave,  on  analyses 
by  the  method  ordinarily  used :  For  sample  No.  3838,  ».06  per  cent  protein, 
4.41  per  cent  fat,  7.9S  per  cent  carbohydrates,  3.52  per  cent  ash,  with  a  heat 
of  combustion  of  1.533  calories  per  gram;  for  samjrie  No.  3839,  6.54  per  cent 
protnn,  3.1^8  per  cent  fat,  16.90  per  cent  carbohydntes,  and  S.77  per  cent  aah, 
with  a  heat  of  oombnsticai  of  2.016  calories  per  gram. 

After  experience  had  shewn  that  by  the  new  method  of  analysis  a  larger 
percentage  of  fat  was  obtained  in  the  feces  for  experimente  No.  70  and  No.  76, 
it  was  thought  advisable  to  treat  these  two  sample  of  feces  by  the  same  method, 
but  unfortunately  both  samples  had  previously  been  exhausted.  It  seemed 
reasonable  to  suppoA,  howerer,  that  the  determinatioBS  of  fat  in  these  two 
samples  as  originally  made  were  too  low,  and  that  this  was  the  case  seemed  to 
be  borne  out,  particularly  in  sample  No.  3839,  not  only  by  the  high  aeh  content 
but  also  by  the  fact  that  their  beats  of  combastion  by  <»leBlation  varied  Very 
widely  from  those  actually  obtained. 
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In  experinuoit  No.  76,  a  redetenaiiiatioii  of  the  Ut  in  the  feces  changed  the 
nenlt  from  3.53  per  cent  to  7.2S  per  cent,  i.  e.,  it  pncticall;  doubled  the 
uoonnt  of  fat  in  the  feces,  and  reduced  correepondingly  the  percentage  of 
carbohydrate.  It  was,  therefore,  decided  as  the  only  known  me^od  of 
approximation  to  the  true  figures  for  fat  for  the  feces  passed  in  experiment 
No.  74  to  double  the  percentage  of  fat  in  the  two  samples,  giving  therefore,  for 
No.  3838,  8.83  per  cent  fat,  in  place  of  4.41,  and  for  No.  3839,  6.56  in  place 
of  3.S8,  which  reduced  the  carbohydrates  in  the  first  instance  to  3.62  per  cen^ 
and  in  the  second  to  12,62  per  cent. 

The  result  of  doubling  the  amounts  of  fat  in  these  two  samplee  was  to 
bring  the  heats  of  combustion  as  calculated  much  nearer  to  tiie  heats  of  com- 
bustion found  by  burning  in  the  bomb  calorimeter.  The  calculated  heats  of 
oombostiott  had  previously  been  much  lower  than  those  found,  namely,  1.256 
calculated  against  1.533  found,  and  1.338  calculated  against  2.016  found.  The 
calculated  resnlts  after  the  fat  was  doubled  were  1.487  calculated  against  1.683 
found  and  1.510  calculated  against  2.016  found.  It  seems  evident,  therefore, 
that  the  per  cent  of  fat  assumed  for  No.  3839  is  still  far  too  low. 

DIQESTraiLITY    OF    FOOD    IS    SHOBT    KXFSBIMBNT8. 

Becogniziug  that  feces  consist  chiefly  of  metabolic  products  rather  than  of 
undigested  food,  and  in  view  of  the  fact  that  the  methods  of  separating  tiiem 
are  imperfect,  it  is  impossible  to  state  absolutely  the  digestibility  of  any  given 
food  material.  In  discussing  these  experiments,  the  custom  is  followed  of 
assuming  that  the  feces  are  composed  of  undigested  food.  Since  the  metabolic 
products  of  feces  result  primarily  from  the  ingestion  of  food,  it  is  not  seriously 
wrong  to  make  such  an  assumption.  Furthermore,  digestion  experimmtE 
have  value  only  for  comparison  with  previous  experiments  on  digestibility,  and 
consequently  it  seems  best  to  adhere  to  the  usual  method  of  computation. 

The  digestibility  of  the  simple  diets  ^ven  in  the  short  food  ^terimenta 
inside  the  calorimeter  is  shown  in  table  245. 

It  was  impossible  to  separate  the  feces  for  experiment  No.  72,  so  that  no 
computations  regarding  the  digestibility  were  made.  As  is  the  common 
experience  with  diets  containing  a  large  amount  of  milk  the  digestibility  of  all 
the  nutrients  is  high  for  the  tturee  experiments.  In  experiments  Nos.  70  and 
74,  the  average  digestibility  for  protein  was  about  94.6  per  cent,  fat,  96,  and 
carbohydrates,  99  per  cent.  Slightly  more  energy  was  absorbed  in  experiment 
No.  74  than  in  experiment  No.  70,  the  average  coefficient  of  digestibility  being 
92  per  cent.  In  discussing  the  digestibility  of  the  food  in  experiment  No.  74, 
it  is  important  to  bear  in  mind  that  the  determinations  of  fat  and  carbohydrates 
in  the  feces  are  at  best  approximate.  Indeed,  it  is  very  much  to  be  questioned 
whether  in  diets  so  simple  as  these  any  appreciable  amounts  of  undigested 
carbohydrates  appear  in  the  feces  and  in  all  probability  the  carbohydrates  were 
completely  absorbed. 


Digitized  by  Google 


DiaSSTIBILITT.  633 

In  experimoit  No.  76  there  vas  a  mncb  larger  proportion  of  vegetable  protein 
owing  to  the  ahredded  wheat  and  glnteo  crackers  and  hence  the  digestibility  of 
protein  is  very  oonaiderabl;  lees.  The  coefficient  of  digestibility  in  this 
instance  is  only  about  78  per  cent.  The  correeponding  coefficients  for  the  fat, 
carbohydrates,  and  energy  aro  88.7,  96.0,  and  86.6. 
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If  the  nitaxe  of  AM  foods  ingested  tsti  the  imperfect  mcAed  of  aepaaration 
of  feces  as  tnH  as  the  short  drntion  of  the  experimentB  are  taken  into  cod- 
sideration,  an  examination  of  the  results  of  tiieae  digsBtioa  experimtoits  ebawt 
no  almonnali^.  It  is,  therefore,  imposdble  to  dietingnie})  from  tiie  data  any 
effect  of  inanition  on  the  digestibili^  of  the  kinds  of  food  here  ingeeted  dnriag 
these  short  eKperimente. 

DIGBSTIBIIITT  OF  FOOD  IN  THB  KITBOOBK  HBTABOLISlf  EZPKBIUSKTS. 

In  the  long  feeding  experiments  which  immediately  followed  food  experi- 
ment No.  76  and  fasting  ezperiment  No.  77,  it  was  poeeiUa  to  itod;  only  the 
absorptioD  of  protein  and  energy.  Preseore  of  other  work  prerented  the  com- 
jAete  analysis  of  both  food  and  feces,  and  since  these  digestion  experiments  ai« 
at  best  bnt  approximate,  it  w«s  deemed  inadvisable  to  sacrifice  Other  important 
determinations.  The  digestibility  or  absorption,  compnted  in  the  nsual  man- 
ner, is  recorded  in  table  2i6  for  both  nitrogen  metabolism  experiments.  The 
feces  were  separaied  at  the  end  of  each  week.  The  first  nitrogen  metalxdiim 
experiment  continued  35  days,  while  the  second  experiment  lasted  %  weeks. 
The  coefficients  of  digestibilify  for  each  week  dnring  the  experiments  have 
been  compnted. 
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Ail  KsminattoiL  of  &»  fignree  showe  that  the  digestibility  of  both  protein 
and  estergj  tu  mvA  greater  tlie  fiist  -week  than  in  ttie  thi<ee  f  oUowing  periodi 
ei  tiie  first  experimcut.  This  might  imply  ft  more  tlioroagb  abBOiption  of 
food  dimng  1^  fint  w«ek,  but  owii^  to  changes  in  the  diet,  the  food  for  ibe 
different  weeks  tsb  not  ahictly  comparable,  thoo^  Btiil  remaining  in  mort 
casea  mainly  a  milk,  froit,  and  Tegetable  diet.  An  examination  of  ths  kinds 
aod  fHnonnts  oi  food  consnmed  (see  pp.  9T7  to  S88)  shows  that  then  was  a 
tend^icy  to  diminish  the  amonnts  of  cream  coofinmed.  The  most  marked 
change  in  ttie  diet  was  due  to  the  fact  that  a  large  amonnt  of  peanut  butter 
was  consumed  during  die  first  week,  but  much  lees  in  the  weeks  which  followed. 

In  the  second  es^ieriinent  the  dig^tibilily  during  both  waek#  is  piactioally 
the  same.  The  per  cent  (^  protein  digested  aren^as  somen^at  more  tiian  in 
the  first  nitrogen  metabolism  experiment  bat  the  absorption  of  energy  in  both 
is  practically  the  same,  i,  e,,  about  90  per  cent. 

It  would  appear,  then,  that  there  is  no  definite  information  fprotBlied  regard* 
ing  the  influence  of  inanition  on  the  digestibility  of  food  and  it  is  clear  that 
experiments  on  a  plan  markedly  different  from  that  here  employ«d  an  neces- 
sary to  study  the  problem  satisfactorily. 

INFLUENCE  ON  GENERAL  mYSlCAL  CONDITION. 

Kone  of  the  subjecte  of  these  experimente  showed  any  symptoms  of  an 
alarming  nature  aa  a  result  of  inanition  (see  p.  331),  but  there  was  in  all  cases 
a  daily  lose  of  body-weight,  and  in  general  a  decrease  in  pulse  rate,  respiration 
rate,  and  muscular  strength.  The  infloenoe  of  the  subsequent  ingestion  of 
food  on  these  grosser  functions  is  of  importance. 

Body-ieeight. — In  table  247  are  given  the  body-weights  of  the  subjecte  for 
the  food  experimente  which  continaed  inside  the  respiration  chamber. 

Tabu  U7.— Bodv-wXlAt*  in  neMxaitm  etparitMnts  wiM  |<ood. 
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The  data  in  table  247  ahow  that  on  the  first  and  Beocmd  daja  of  experiment 
No.  70,  and  the  first  da;  of  experiment  No.  76,  the  enbjects  Btill  continned  to 
lose  weight,  aa  would  probably  be  implied  by  the  fact  that  the  amount  of  food 
ingested  was  barely  enough  for  maintenance.  The  body-weig^ta  of  S.  A.  B. 
in  the  nitn^en  metabolism  experiments  are  given  in  table  S48. 


Bxperiment  nnmb«r  and  OmU. 
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During  these  experiments  relatively  large  amounts  of  food  were  consumed 
and  the  body-weight  attained  constancy  about  8  or  9  days  after  the  close  of 
each  fast. 

Of  special  interest  is  the  table  of  body-weights  after  fasting  of  some  of  the 
subjects  of  the  2-day  experiments.  These  subjects  were  required  to  come  to 
the  laboratory  and  be  weighed  for  several  weeks  after  the  conclnaion  of  their 
fasts. 

Table  249  ehovra  that  there  was  s  marked  tendency  for  all  of  these  subjects 
to  gain  weight  and  indeed  iiltimately  to  exceed  their  initial  weights.  A  rough 
comparison  with  the  weights  of  a  number  of  college  students  taken  during  the 
same  period  of  the  year  shows  that  while  there  was  a  general  tendency  for  the 
weights  to  increase  during  this  portion  of  the  year,  all  the  subjects  of  these 
experiments  increased  in  weight  very  considerably  more  than  did  their  fellows. 
This  seems  to  suggest  that  a  short  period  of  inanition  may  so  stimulate 
anabolism  as  to  result  subsequently  in  a  permanent  increase  in  body-weight. 
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Bodtf  temperature,  puise,  and  strength,  as  affected  by  the  ingestion  of  food. — 
tTnder  the  correBponding  Bections  in  the  discuBeion  regarding  fasting  eiperi- 
ments  it  has  been  pointed  out  that  the  ingestion  of  food  resnlted  in  an  increase 
in  the  pulse  and  a  marked  increase  in  the  strength.  By  examination  of  the 
detailed  data  for  pnlse,  and  dynamometer  tests,  the  relative  increase  in  these 
factors  may  he  obseiTed. 


Tabu  249.— Body^iMfffAtt  after  fasting. 
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Dec.     4. 

7S.84 

Dec.     8. 

54.30 

Dec.  13. 

66.69 

1900. 

Deo.    4. 

62.88 

Dm.  11. 

78.44 

Dee.  11. 

64.08 

Dec.  18. 

07.93 

jmi.  sa. 

'71.87 

Dec.  11. 
Dec.  18. 

69.  S7 
63.87 

Dee.  18. 
1906. 

78.88 

Dec.   18. 
1906. 

65.41 

1900. 
Jan.  BO. 

67.00 

1906. 

Jul.  89. 

70.68 

Jan,     8. 

S6.81 

Feb.  14. 

69.09 

Jan.   IS. 

64.63 

Jan.   15. 

67.38 

Ha;  19. 

08.86 

Jan.   82. 

04,58 

Jan.  38. 
Jan.  80. 

68.88 
58.80 

■Baglnnlns  <tf  tut 

■Made  comparable  wfHi  weliliti  dnrlnc  taM  by  Inclndlns  0.S4  kUo.  i 


I  welgbt  <a 


INFLUENCE  ON   GENERAL  METABOLISM. 

The  general  factors  of  metabolism,  the  urine,  respiratory  products,  and  heat 
prodnction  are  all  inSnenced  by  the  ingestion  of  food  and  in  the  diacusaion 
beyond  attention  is  called  to  the  degree  to  which  they  are  affected. 

Urine,  ingested  leater,  and  teater  vaporized. — The  ratios  of  the  water  ex- 
creted in  the  urine  and  of  the  water  of  respiration  and  perspiration  to  water 
ingested  during  the  food  experiments  are  given  in  table  250. 

The  amount  of  water  ingested  in  the  food  and  drink  is  above  1400  grams  in 
aU  instances  and  hence  the  ratios  of  water  in  urine  to  ingested  water  do  not 
e^hit  such  wide  variations  as  occur  in  the  fasting  experiments.  In  general, 
about  73  per  cent  of  the  water  of  food  and  drink  is  excreted  in  the  urine.  The 
ratios  of  water  of  respiration  and  perspiration  to  wat«r  ingested  are  also  more 
nearly  constant 

Nitrogen  haiance. — That  the  small  amounts  of  nitrt^en  in  tiie  food  of 
experiments  Nos.  70, 72, 74,  and  76  were  not  sufficient  in  any  instance  to  restore 
complete  nitrogen  equilibrium,  since  the  body  lost  nitrogen  persistently,  may 
be  seen  from  an  inspection  of  the  nitrogen  balances  given  in  table  S51. 
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Bxperl- 

SabtMtuddMB. 

and 
drink. 

Acjopt 
nrlne. 

(A 
Batkiot 

to 
water 

of 

yr 

splra?^ 

of  raapl- 
andper- 

70 

n 

7* 

7« 

A.L.L..  Dee.  30, 19M... 
D«c31,  lOU... 
Dee.  aa,  1904... 

Tot«l,8d«j» 

ATer«ceparda7'-' 
fl.A.B.,  Jm.  11,  1»«... 

B.A.B.,F«b.S,l»S... 

Feb.  8,  1906. . . . 

Feb.  4,  1V05. . . . 

ToUl,  8da7i 

Ayenwepardaj.-- 

S.A.B.,MU.  11,  IMS... 

llMt.li,  1906... 

M«.  18,  1905... 

Total,  8d«y» 

AvtTtLgt  p»i  Aaj  . . . 

Artngt  of  all  «x- 

1561. B» 

1099.26 

1031.60 
1043.70 
634.70 

1007.04 
580.10 

0.688 

.tub 

,367 

10(U>.78 
1068.07 

0.581 
.042 
.662 

4008.60 
1S35.G0 

3698.90 
699.83 

8684.87 

sfli.oa 

oisei 

9903.18 

967.88 

o!o80 

1887. «4    1490.40  ll408,88  |      0,790      544.84  (     0.296  ] 

1039.84 
285B.84 
2066.24 

1S18.90 
1894.40 
1606.00 

1485.94 

1866.17 
1679.48 

0.706 

.791 
.764 

584.88 
627.61 
634.88 

O.SOS 
.324 
.26* 

8864. la 
8181.87 

6018.80 
1678.77 

4981.69 

1848.86 

o!m 

1887.87 
S4S.79 

o!857 

1941.81 
1964.01 
199J.01 

1735.80 
1818.70 

1608.90 
4052.70" 
1560.90 

1696.18 
1290.45 

1676.11 

0.871 

.667 
.798 

616.81 
682.80 
011.39 

0.818 
.296 
.807 

5890.63 
1965.54 

4681.74 
1530. 6S 

o!744 

1810.60 
008.60 

O.sin 

1870.62 

1386.68 

1364.12 

0.724 

689.49 

0.889 

Tabue  SBl.— BoJOAoe  of  Ut«om4  a 


s. 

BatijMtaoddMe. 

TOUI. 

Per  kllo^NnoC  bodr-welcht. 

^ 

In 

Id 

LoMto 
body. 

Ill 
food. 

f^ 

JH.. 

^" 

70 

T3 

T4 

76 

A.L.L.,  1904; 

Dec  30-81 

Dac.Bl-ea 

D«e.8S-S8 

S.A.B.,  lOOS: 

Jan.  11-12 

B.A.B.,  1906: 

8.60 
8.ffT 

6.84 

«.87 

6.87 
0.67 

.M 
.SO 

.43 
.48 
.42 

■a 

0.84 
10.16 

10. 6« 

10.74 
8.86 
8.78 

l.W 
l.M 

4.49 

0^ 
.128 
.131 

.118 

0.005 
.008 
.006 

.008 
.008 
.008 

0.184 
.189 

.144 

.198 

.1P5 
.149 
.128 

9^ 
.088 
.087 

.080 

.087 
.048 
.016 

3. BO  ,   .116 
.83  1   .114 

S.A.B.,  1906; 

loiizeabjGoOgle 


Protein  Katabolism.  529 

The  marked  decrease  in  the  oitrogen  excretion  on  the  second  and  third  days 
with  food  Bhowe  a  tendency  of  the  body  to  adjust  itself  rapidly  to  the  nev 
conditions  of  protein  ingestion  and  it  is  worthy  of  note  that  on  the  third 
day  of  experiment  No.  74,  after  a  prolonged  draft  upon  body  protein  not  only 
during  the  faeting  period  but  likewise  during  the  first  two  days  of  food,  the 
body  waB  nearly  in  nitrogen  equilibrimn  on  bnt  6.37  grams  of  nitrogen.  It  is 
greatly  to  be  regretted  that  this  experimrait  was  not  continued  with  the  inges- 
tion of  small  amounts  of  protein  and  the  nitrogen  balance  further  studied. 
In  snbseqnent  fasting  experiments  this  point  will  be  taken  into  consideration. 
During  the  period,  then,  with  low  nitrogen  intake  there  was  a  marked  tendency 
for  the  body  to  adjust  itself  to  new  conditions  and  retard  the  great  drafts  upon 
body  protein  made  daring  the  fasting  experiment.  Further  discussion  of  fbe 
effect  of  the  ingestion  of  nitrogenous  material  upon  the  total  katabolism  of 
protein  is  taken  up  in  connection  with  the  data  for  the  nitrogen  metabolism 
experiments. 

•Protein  hatfdtolized  in  metdboiitm  experimenU  with  food. — The  ingestion 
of  protein  after  fasting  generally  results  in  a  diminution  in  tiie  katabolism  of 
protein.  The  course  of  the  protein  metabolism  has  already  been  indicated  in 
discussing  the  income  and  outgo  of  nitrc^en  (table  351),  and  the  actual 
amounts  of  protein  katabolized  in  the  food  experiments  are  recorded  in  table 
852. 


Biperl- 
Dimiber. 

SubjeotandduntloDtif 

First  day. 

Second  dmr- 

—    1 

ToUL 

.A. 

"^a- 

Total. 

TotiU. 

Sc 

70 

73 

74 

76 

A.L.L.,  190*: 

«  8.H 
M.44 

61,  oa 

i.ieo 
i.ioe 

1.098 

Onma. 
89.0* 

49.60 
*8.90 

Oram*. 
0.6S6 

.894 
.76S 

OfWN. 

60.90 

40.68 
46.99 

Orwmi: 
0.888 

.781 
.SSS 

S.A.B.,  1906: 

B.A.B,,190S! 

8.A.B.,1M6: 

86.93 

1.183 

SO. 48 

0.838 

49.  SO 

0.809 

A  comparison  of  the  resulte  given  in  this  table  with  table  226  for  ezperi- 
mente  without  food  shows  that  in  experiment  No.  70,  the  protein  katabolized 
on  the  first  day  with  food  was  practically  the  same  as  that  on  the  last  fasting 
day.  But  on  Uie  second  and  third  days  the  katabolism  of  protein  decreased  to 
that  of  the  first  day  of  the  fast.  In  experiment  No.  78  with  S.  A.  B.  the  pro- 
tein katebolized  on  the  first  day  with  food  was  essentially  the  same  as  that  on 
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the  last  da;  of  fast,  while  in  experiment  No.  74  the  kataboliam  of  protein  wfis 
4  grams  larger  than  on  the  last  day  of  experiment  No.  73.  The  extremely 
small  amounts  katabolized  on  the  second  and  third  days  of  experiment  No. 
74  were  10  to  20  grams  less  than  the  lowest  amount  katabolized  on  any  day 
of  experiment  No.  73.  Similarly,  with  experiment  No.  76,  the  kataboliam 
on  &»  first  day  was  eaeentially  that  of  the  last  day  of  Uie  fast,  but  on  the 
second  and  third  days  with  food  the  kataboliam  was  greatly  diminished. 

The  tendency  of  the  body  to  attain  nitrogen  eqnilibrinm  with  snch  small 
quantities  of  protein  in  the  diet  is  of  especial  interest  when  compared  to  the 
length  of  time  reqnired  to  attain  a  condition  of  equilibrium  with  excessive 
qoantitiefl  of  nitrogen  in  the  diet™ 

Fat  katiAolized. — ^The  kataboliam  of  fat  in  experiments  with  food  following 
fast  is  shown  in  table  253. 


DUmt>«T. 

Babjeot  i^dnntlOD  of 

vunotv. 

SMMttdSlV. 

Turaa^-.     j 

Total. 

weight 

Total. 

^ 

Total. 

Per 

TO 

73 

74 

7« 

A.L.L.,1»0*: 

ffTMM. 

iBS.se 

147.47 
188.80 
187.es 

i.67B 
3.609 
8.477 

188^ 

U9.48 
101.99 

a. 080 

1.B&7 

Otmm. 

188.90 

134.36 
68.07 

3.88S 

1.187 

B.A.B.,1»05: 

B.A.B.,  1906; 

8.  A.  B.,  1IKI6: 

145.58 

a.  476 

186.09 

8.199 

m.6i 

8.0B1 

With  r^ard  to  experiment  No.  70,  it  is  seen  that  large  amounts  were  kata- 
bolized on  the  second  and  third  days,  which  may  in  pari;  be  accounted  for  by 
the  high  pulse  rate  and  febrile  temperature  observed  at  the  end  of  this  ezperi- 
meut.  The  amount  of  fat  broken  down  in  experiment  No.  72  was  15  grams 
more  than  on  the  last  day  of  experiment  No.  71.  In  experiment  No.  74  on 
the  otiier  hand,  the  fat  katabolism  on  the  first  day  was  10  grams  less  than  on 
the  last  day  of  experiment  No.  13,  and  throughout  this  experiment  it  was 
unnsuftlly  low.    In  experiment  No.  76,  it  increased  on  the  first  day  but  6  (rrams 
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Qlyeogen  kaiaboti*ed. — Chring  to  tiie  marked  lossee  of  glycogen  obserred 
duing  ta^jag,  the  katabolism  of  glycogen  in  food  experiments  folloTing  fast 
is  of  especial  intereet    The  amounts  katabolized  are  shown  in  table  364. 


s. 

Subject  and  duntSOD  at 
rapMliMBt. 

Flntdmy. 

Beoond  day. 

Third  dw.       1 

Total. 

% 

TotaL 

Per 

Total. 

Per 

70 

73 

7* 

78 

A.L.L.,19M: 

K5S- 

10.81 
87.82 
60.17 

.187 
.606 
1.013 

0nWM. 
86.96 

87.88 
1S1.4S 

1.68« 
S.8S9 

WTO 

7S.98 
S1T.4T 

Otwpu. 
1.414 

1.8S1 
8.870 

B.A.B.,  1MB: 

B.A.B.,  IBOB : 

S.A.B.,  1906: 

87.74 

o.flas 

8S.1S 

1.484 

180. OT 

S.SIS 

At  the  end  of  the  longer  fasis  tiie  amount  of  glycogen  katabolized  was  aa  a 
rule  not  much  over  16  to  20  grams  per  day.  Hence,  it  is  seen  that  on  the  inges- 
tion of  food  in  practically  tJl  instances  there  was  a  very  considerable  increase 
in  the  katabolism  of  glycogen,*  an  increase  which  perBisted  throughout  the 
whole  experiment.  The  latest  amoimt  katabolized  on  any  day  wilh  food  was 
on  the  last  day  of  experiment  No.  76,  namely,  S17.6  grams. 

HALAHOE  or  ICATTEB  AND  ENXBOT. 

In  experiments  with  food  the  main  comparison  is  that  which  shows  in  how 
far  the  matter  and  energy  of  the  food  sustained  the  body  and  to  what  extent 
material  was  gained  or  lost  by  the  body.  From  the  determinations  of  the 
protein,  fat,  and  glycogen  katabolized  and  the  qnantitiee  of  the  protein,  fat, 
and  carbohydrates  absorbed  from  the  food,  the  gains  or  losses  of  these  com- 
pounds in  the  body  may  be  determined.  They  are  recorded  in  tiie  first  three 
columns  of  table  365.  The  gain  or  loss  of  preformed  water  is  obtained  from 
the  water  of  food  and  drink  and  total  water  katabolized.  This  is  recorded  in 
the  fourth  colimin,  while  in  the  last  column  the  gain  or  loss  of  energy  is 


Although  from  38  to  53  grams  of  protein  were  ingested  in  the  food,  the  body 
lost  on  the  first  day  of  each  experiment  about  30  grams  of  proton.  This  was 
with  a  diet  which  contained  practically  enough  energy  for  maint^unce.  On 
the  second  day  the  loss  of  protein  was  considerably  less,  a  decrease,  in  fact,  of 
more  than  one-half  from  that  on  the  first  day  in  all  the  experiments.    On  the 


*  Carbohrdratw  as  a  whole. 
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third  da;  of  experiments  Noe.  70  and  ?6  there  was  an  increaee  over  the  aecond, 
while  on  the  third  day  of  experiment  "So.  74  there  were  hat  b  gmoB  of  protein 
lost  For  all  the  experimenta  there  waa  an  average  loea  per  day  of  about  19 
grama  of  protein. 

Daring  e^wriment  No.  70  the  body  stored  fat  in  oonaiderabte  amoanta  on 
the  first  day,  bat  stored  mach  less  on  the  second  day,  and  none  on  tiia  third. 
In  the  1-day  experiment,  No.  73,  there  were  S5.8  grama  of  fat  lost  Experi- 
ment No.  74  showed  a  alight  loss  on  the  first  day  and  anfastantial  gaina  on  the 
2  sncceediug  days  with  an  average  gain  for  the  whole  experiment  of  aboat  9 
grams  per  day.  Id  experiment  No,  76  there  was  a  marked  loea  of  fat  on  the 
first  day,  a  loss  of  abont  26  grams  on  the  second,  and  a  gain  of  about  10 
grama  on  ttie  third,  the  average  loea  being  a  little  more  than  Sfi  grama  per  day. 
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-88.74 
-18.80 
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+   67.88 
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4  808 

-80.84 
-19.73 
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-61.80 
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+  1S8.«8 
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-  37.47 
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1-     9.9 
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-112 
-140 

Avtngtpttdij 

-ao.io 

-35.40 

+   64.86 

+   83.1 

-164 

■  Water  o(  (ece*  taken  Into  a 


The  carbohydrate  balance  shows  that  on  only  2  days  of  this  series  of  experi- 
ments vaa  there  a  loss  of  glycogen  to  the  body.  On  the  last  day  of  experi- 
ments Noe.  70  and  76  there  was  a  loss  of  31  and  27  grams,  respectively.  This 
gain  of  glycogen  in  an  oi^anism  which  had  prerionsly  been  deprived  of  glyco- 
gen indicates  strongly  the  tendency  of  the  body  to  replace  its  lost  glycogen. 
On  the  first  days  of  experiments  Noe.  74  and  76,  respectively,  there  were  over 
100  grams  of  glycogen  gained.  The  relation  of  the  gain  or  loss  of  glycogen 
to  the  gain  or  lose  of  protein  is  extremely  interesting.    Thns,  aside  from  tiie 
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first  day  of  eacli  experiment,  the  largest  gains  of  glycogen  are  accompanied  by 
the  smallest  losses  of  protein,  while  in  the  2  instances  where  glycogen  was  lost 
there  is  a  noticeable  increase  in  the  loss  of  protein  over  the  preceding  day. 
It  is  interesting  to  note  that  in  some  instances  where  fat  was  actaally  lost  from 
tiie  body,  there  was,  neverthelees,  a  marked  gain  in  glycogen,  as,  for  instance, 
on  the  first  2  days  of  experiment  No.  76.  On  the  other  hand  there  was  a  slight 
gain  of  fat  on  the  third  day  of  experiment  No.  76  accompanied  by  a  loss  of  S7 
grams  of  glycogen. 

The  gains  and  losses  of  preformed  water  nnderwent  marked  variations.  In 
experiment  No.  70  there  was  a  marked  loss  on  the  first  2  days  of  the  experi- 
ment followed  by  a  gain  of  160  grams  on  the  third  day.  In  experiment  No.  74 
there  was  a  gain  on  all  3  days.  In  experiment  No.  76  there  was  a  loss  of  179 
grams  on  the  first  day  and  a  gain  of  286  grams  on  the  second.  No  striking 
relation  appears  between  the  gain  or  loss  of  preformed  water  and  the  otlier 
gains  or  losses  to  the  body. 

The  energy  diows  an  average  gain  of  74  calories  per  day  in  experiment 
No.  70.  In  experiment  No.  73  the  loss  was  108  calories.  The  diet  in  experi- 
ment No.  74  was  plainly  in  excess  of  maintenance  since  there  was  an  average 
of  368  calories  stored  per  day.  On  the  other  hand,  with  experiment  No.  76 
tiie  diet  was  deficient  in  energy  and  there  was  an  average  loss  of  164  calories. 
Of  special  interest,  perhaps,  is  the  fact  that  on  the  first  day  of  experiment 
No.  76,  with  a  loss  of  61  grams  of  fat  and  a  total  loss  of  210  calories  of  energy, 
there  was  a  positive  gain  of  134  grams  of  glycogen.  A  corresponding  obserra- 
tion  may  be  made  in  connection  with  experiment  No.  73  where  there  was  a 
marked  loss  of  fat  and  loss  of  euei^,  hot  nevertheless  a  gain  of  glycogen. 

The  most  noticeable  feature  of  the  effect  of  the  ingestion  of  food  following 
fast  is  the  tendency  of  the  body  to  restore  its  depleted  glycogen. 

BEOOVEBT   AFTBE   INANITION. 

Experiments  on  physiological  fasting  have  been  nnmerons,  and  yet  the 
problem  of  the  recovery  after  fast  has  been  bnt  imperfectly  stndied.  The 
nitrogen  metabolism  experiments  which  followed  experiments  Nos.  76  and  77 
gave  opportunity  for  a  more  or  less  extended  study  of  the  degree  and  rapidity 
with  which  the  body  recovered  its  eqoilibriom  bo  far  as  the  nitrogen,  phos- 
phorus, and  sulphur  were  concerned.  Data  for  computing  the  storage  of  fat 
and  glycogen  are  not  obtainable  after  the  subject  leaves  the  respiration  calo- 
rimeter, 80  that  aside  from  general  observations  regarding  the  amount  of  food 
eaten  and  the  body-weight,  there  is  no  direct  evidence  at  band  regarding  the 
gain  of  fat  or  glycogen. 

Dietetic  habits. — The  subject  of  these  experiments  was  of  average  height 
and  wei^t  (see  p.  107),  but  in  recovering  from  the  fasts  he  consumed  liberal 
amounts  of  food  in  proportion  to  his  body-weight  and  muscular  activity.    An 
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exBminstioii  of  the  BtatiBtical  tables  (pp.  377  to  284)  iIiowb  that  on  some  dayi 
the  food  conmmptioii  ma  enormoiu.  While  no  accurate  record  iras  kept 
of  the  amoont  of  mnscalar  activity  eiigaged  in  by  tbia  subject  between  the 
fasts,  eicept  for  an  occasional  valk  of  considerable  length,  no  eztraoidinary 
physical  mnacolar  exercise  was  noted.  While  hardly  of  a  phl^matic  tem> 
perament,  he  was  not  mnscnlarly  active  or  quick. 

Urine. — From  the  statistical  table  183  the  determinations  in  the  orine  may 
be  obtained.  No  special  abnormalities  were  noticed  in  the  nrine  at  any  time 
during  the  ezperimenta. 

Nitrogen  balance. — Since  nitrogen  was  determined  not  only  in  the  food 
and  feces  bnt  also  in  the  urine,  the  data  were  at  hand  for  striking  a  ctnnplete 
nitrogen  balance  in  both  nitrogen  metabolism  e^>eTiments.  While  the  nitro- 
gen in  each  day's  food  and  oriite  was  definitely  determined,  it  was  not  poesibte 
to  know  the  exact  excretion  of  fecal  nitrogen  per  day  since  daily  separations 
were  impossible.  Accordingly,  the  feces  for  each  veek  were  separated,  dried, 
and  analyzed  and  the  nitrogen  per  day  was  calculated  according  to  the  methods 
explained  on  page  %9i  and  included  in  table  161.  From  the  quantitiee  of 
nitrogen  in  the  food,  feces,  and  urine,  therefore,  the  gain  or  loss  could  be 
computed.  The  resalts  of  these  computations  are  given  in  table  S56  herewith. 
It  is  believed  that  the  daily  gains  or  losses  of  nitrogen  obtained  by  Qiis  method 
as  indicated  in  the  last  column  of  this  table  are  not  far  from  tiie  true  values, 
although  it  is  to  be  borne  in  mind  that  the  quantitaes  excreted  in  the  feces  were 
determined  only  for  the  week  and  not  for  each  individual  day. 

The  most  striking  feature  of  this  table  is  the  enormous  gain  of  nitrogen 
shown  during  the  first  and  second  weeks  of  the  first  experiment.  Even  during 
the  third  week,  &ei«  is  a  material  gain  amounting  to  more  than  22  grama. 
Nitrogen  equilibrium  is  approximated  only  on  the  laat  few  days.  During  the 
4  days  of  the  last  period  there  was  a  gain  of  but  6.1  grams  of  nitrogen  or  1.27 
grams  per  day,  as  compared  with  a  gain  of  30  grams  for  the  corresponding 
4  days  of  the  first  week. 

During  the  second  nitrogen  metabolism  experiment  there  is  likewise  a  very 
considerable  gain  of  nitrogen  during  both  weeks,  but  contrary  to  the  first 
experiment,  the  larger  gain  was  in  the  second  week.  Since  the  subject  was 
obliged  to  leave  Middletown,  the  experiment  was  stopped  at  the  end  of  2 
weeks.  During  the  first  week  the  body  gained  an  average  of  over  3  grams 
and  in  the  second  week  an  average  of  over  4.6  grams  of  nitrogen  per  day. 
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Data. 

Id 

4'w 

BxptrittumlNo.1. 

Ortmu. 

20.66 
26.09 
21.66 
14.90 
26.34 
17.10 
22.14 

OraiH. 

2.28 
2.79 
2.40 
1.66 
2.92 
1.91 
2.46 

Oram*. 

12.61 
13.19 
11.07 
6.31 
9.56 
11.89 
9.56 

OranM. 
+   6.66 
+   9.11 
+  8.18 
+  6.93 
+  13.87 
+  3.30 
+  10.13 

147.77 
21.11 

16.42 
2.36 

74.17 
10.60 

+57.18 
+  8.17 

Average  per  day. 

SMondweek: 

22.14 
19.90 
15.01 
21.66 
20.80 
26.56 
27.64 

3.94 
3.53 
2.60 
3.83 
3.70 
4.66 
4.92 

10.17 
9.36 
8.02 
8.64 
11.96 
11.26 
14.63 

+  8.03 
+  7.02 
+  4.30 
+  9.08 
+  6.16 
+  9,73 
+  8.19 

1».60 
21.80 

27.17 
3.88 

73.92 
10.66 

+61.60 
+  7.36 

Average  per  day 

Third  week: 

16. ra 
12. S3 
11.74 
f 24.69 
122.65 
19,14 
13.99 

2.67 
2.05 
1.89 
3.961 

l:SS' 

2.24 

12.64 
9.27 
9.00 
26.14 
12.77 
10.11 

+  1.41 
+  1.51 
+     .86 
+  13.81 
+  3.31 
+  1.64 

j^.3-4 

121.66 
17.38 

19.60 
2.79 

79.83 
11.40 

+22.33 
+  3.19 

Average  per  day. 

Fourth  week:' 

14.03 
17.91 
18.01 
12,73 

2.27 
2.90 
2.91 
2.06 

12.65 
11.66 
11.87 
11.36 

-  0.89 
+  3.46 
+  3.23 

-  0.68- 

Total  4  days 

e2.es 

16.67 

10,14 
2.64 

47.44 
11.86 

+  6.10 
+  1.27 

a  b,  Google 


Ikflcenob  of  Inanition  on  Mbtabolism. 


Table   256. — Intake  and  output  of  nitrogen — GoDtlnned. 


aji»  (+1 


Experiment  No.  t. 
ISOB. 
Fintweek: 

Apr.  12-13 

Apr.  13-14 

Apr.  14-15 

Apr.  16-16 

Apr.  16-17 

Apr.  17-18 

Apr.  18-19 

Total,  Ut  week 

Average  per  day. 

Saeondweek: 

Apr.  19-20 

Apr.20-21 

Jtor.21-22 

^r.22~23 

^p.  23-24 

J4ir.24-26 

Apr.25-2« 


21.67 
28.98 
19.46 


2.61 
2.98 
2.72 
3.63 
2.46 


11.14 
11.66 
15.06 
13.89 
16.63 
17.93 
12.72 


-  4.94 

+  2.55 

+  2.45 

-I-  6.94 

+  2.42 

+  7.43 

+  4.28 


+21.12 
+  3-02 


19.06 
22.72 
20.22 
14.93 
21.67 
20.28 
17.12 


2.31 

2.76 
2.46 
1.82 
2.63 
2.46 
2.08 


13.80 
14.18 
12.00 
11.13 
10.60 
13.30 
12.19 


+  2.94 

+  6.78 

+  6.67 

+  1.98 

+  8.28 

4-  4.62 

+  2.86 


'Dallj  unonnU 


6«e  cxplanatlaD,  p.  3M. 


Iniakt  and  output  of  phosphoric  acid  and  mdphur. — The  pboepboric  add 
(P,Of)  and  sulphur  (SO,)  vere  determJaed  in  the  food  uid  nrine  for  each 
day  and  in  the  feces  for  each  week.  The  apportionment  of  the  phosphoric 
acid  aod  sulphur  for  the  feces  for  each  day  was  carried  out  od  snbetantially  the 
same  phm  as  that  for  nitrogeD,  namely,  the  total  phosphoms  in  the  food  for 
the  week  was  taken  as  100  per  cent  and  the  proportion  of  this  amount  ingested 
each  day  was  taken  as  the  proportion  for  each  day  of  the  total  phosphorus  de- 
termined in  the  total  feces  for  the  week.  The  sulphur  was  apportioned  by  a 
like  method.  From  the  phosphoric  acid  and  sulphur  in  the  food,  feces,  and 
urine,  the  gains  or  losses  were  computed.    These  are  recorded  in  table  267. 

Two  featnies  of  special  interest  may  be  noted  in  these  tables :  First,  the 
excretion  of  a  small  amount  of  phosphorus  in  the  nrine  during  the  first  week 
of  the  first  feeding  experiment  compared  with  that  during  fasting  experiment 
No.  75;  second,  the  marlred  gain  of  phosphoms  after  inanition.  By  examining 
the  data  in  column  c  of  table  257  and  comparing  it  with  the  phosphoric  acid 
excretion  in  experiment  No.  75,  it  will  be  seen  that  for  this  first  week  the 
phosphoric  acid  in  the  urine  was  on  the  whole  very  much  smaller  than  during 
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TiBLi  tB7.—Intalee  owf  output  of  pltotpharic  add  (PJOJ  and  tuiphur  (BOJ  in 
nitrogen  metabolUm  oirperlM«nl>  Not.  1  and  t. 


Experirrunt  So.  I. 
FlMtweek: 

Mar.  14-16 

Mar.16-16 

Mar.  16-17 

Mot.  17-18 

Mttr.18-19 

Mar.  16-20 

Har.  20-21 


9.685 
8.922 
7.833 
10.770 


Total,  Ut  week.. 
Average  per  day. 
Seoondweek: 

Mar. '1-22 


7.926 
9.161 
fi.l75 
8.610 

10.386 
B.176 

10.668 


Total,  2d  week.. 

Average  per  day. 
Third  week: 

llar.28-2g 

Mar.  29-30 

M8r.8(^31 

Har.31-J^>r.  1 

Apr.    1-T. 

Apr.   2-3 

Apr.  3-4 


Total,3dweek 
Average  per  day. 
Fourth  week: 

Apr.  4-6 

Apr.  6-6 

Apr.  6-7 

Apr.  7-8 


Total,4da7B... 

Average  per  dajr. 
Bxptrimmt  No.  e. 
Firatweek: 

Apr.  12-13 

Apr.  13-14 

J^.  14-16 

Apr.  16-16 

Apr.  16-17 

Apr.  17-18 

Apr.  18-19 


PhOiphorIc  add  (PiOtl. 


6.311 

4.701 
4.401 
7.301 
7.376 
5.922 
5.281 


6.025 
6.651 
7.263 
4.413 


Oram*.  Oramt. 

1.930,  1.S66 

2.9631  2,    " 

2.224  1 

1.822  1. 

1.679  1.978 

1.4741  2.322 

2.026  2.118 


2.727 
3.328 
2.940 


2.631 
2.482 
2.274 
2.466 
2.670 
2.960 
3.234 


18.713 


A. 


BulphuttrioxldB(80i). 


4.S47 
5.086 
._  2.861 
6.777  " 
6.265|  4.025 
4.037  2.834 
6.626   7.652 


13. S81  21.678+  6.734 


6.209 


2.440 
2.176 
1.622 


+  1. 
1.876+  , 
1.789+  4 


n(+) 

los«(-) 

e-(/+(7l. 


0.607 

.'600 
.810 
.776 
.686 
.460 


4.466 


0.654! 
.741 
.627 
.613 


2.713  1.030  1.493]+  O.IOOl 
4.484  1.702  1.142'+  1,640 
6.8971  2.238'  2.226+  1.434! 
6.320  2.399  2.189+  1.732! 
6-036  2.291,  2.9941+  .750 
9.S54|  3.740  3.280+  2.834 
5.923    2.248,  2.472!+   1,203 


Total.lBtweek....  41.226116.64815.7961+  ! 
Average  per  day. . .    6.889!  2.236,  2.2661  + 


■  Calcolated,  lee  taUe  160,  i 


2.026 
2.412 
2.624 
2.063 
2.636 
2.655 
2.033 


1.92816,149'+  4.608 
.561    2.307  +     .868 
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Tuu  m^-Intakv  oMd  ontfut  of  plMrkorie  add  (P/^)  a*d  aslyJkw  (MO,}— 


D>to,IS«L 

Pbovhorlo  ■old  (P,OW. 

•iil|>hiirtrtazld«(80d. 

(ood. 

(» 
Id 

{« 
In 
food. 

(n 

In 

teetm.' 

(tf) 

ffap't  jr<>.(.-Cionfd. 
SMbDdw««k: 

Apr.  l»-aO 

Ape.  20-31 

Apr.21^2 

Apr.  22-23 

Apr.  23-24 

Apr.  34-26 

Apr.  2^-28 

Total,  2d  wwk... 
Average  perda^.. 

Oraaw, 
6.124 
£.936 
6.984 
4.996 
6.633 
6.770 
6.966 

2.068 
1.994 
2.010 
1.679 
2.229 
1.930 
2.006 

Ormm: 

2.612 
2.621 
2.984 
3.364 
2.277 
3.732 

Oraait. 
+  1.464 
+  1.421 
+    .990 
-    .037 
+  2.127 
+    .009 

Ormmt 
3.102 
3.049 
3.706 
2.919 
3.840 
3.462 
2.922 

ffraau. 

0.471 
.699 
.671 
.443 
.682 
.B2S 
.443 

1.927 
■2.662 
1.968 
1.973 
1.700 
2.364 

OraM. 
+0.704  . 
+   .688  ; 

+  1.227  1 
+   .663 
+  1.668 
+   .673 

41.411 
5.016 

13.014 
1.9SS 

■17.480 
'  2.913 

'+6.05423.960   3.834 
'+1.009   3.423      .519 

12.694 
•  2.099 

•+5.263 
•+   .876; 

<  CalenUtod,  m*  UM«  180.  p.  2M. 

The  gains  of  phosphoric  add  in  the  second  experiment  wen  by  no  means 
as  large  as  in  ihe  first  nitrogen  metabolism  experiment  On  the  fourth  day  of 
the  second  week  there  was  an  insigniScaQt  loss.  Unfortunately,  the  determina- 
tions were  not  made  for  either  snlphnr  or  phosphonts  on  the  last  day  of  the 
second  week.  There  was,  then,  in  both  experiments,  a  tendency  for  the  body 
to  gain  phoepboms,  but  this  tendency  was  much  less  marked  in  the  second 
than  in  the  first  study. 

The  Bulphnr  determinations  in  the  urine  of  the  first  feeding  experiment  were 
made  only  for  the  first  week  and  for  one  day  in  the  4rday  period  following  the 
third  week.  After  the  first  day  or  two,  contrary  to  the  excretion  of  phoepboms 
in  nrine,  the  sulphur  excreted  during  the  first  week  was  on  the  whole  con- 
siderably greater  than  during  fasting  experiment  No.  76.  There  was  a  gain  of 
sulphur  on  all  but  one  day  of  the  week  for  which  the  determinations  were 
made."*  The  average  gain  per  day  for  the  week  was  1.605  grams  of  sulphur 
trioxide.  On  the  next  to  the  last  day  of  the  first  experiment  theie  was  a  gain 
of  about  O.fi  gram. 

The  sulphur  excreted  in  tiie  urine  was  considerably  higher  during  the  first 
week  of  the  second  nitrogen  metabolism  experiment  than  during  the  first  week 

'"The  Tery  high  amount  of  sulphur  trioxide  otserred  In  the  food  of  March  20- 
21  has  been  the  subject  of  much  Investigation.  The  analrBes  were  first  made  In 
duplicate  and  then  several  months  later  a  third  analysis  was  made  which  agreed 
with  the  others.  There  is  no  clear  reason  why  there  should  have  been  so  marked 
an  Increase  In  the  sulphur  content  of  food  on  this  day  unaccompanied  by  a  pro- 
portionate Increase  In  nitrogen  and  phoephorua.  While  the  food  of  no  oUier  day 
baa  eo  large  a  content  of  sulphur  trioxide,  the  food  for  March  27-28  has  two-tUrds 
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of  nitrogoQ  metab(JJBm  experiment  No.  1  and  it  was  also  mnch  higher  than 
during  fasting  experiment  No.  77.  On  all  save  the  first  daj  of  the  first  week 
there  Toe  a  gain  of  Bulphnr;  the  average  gain  for  the  first  week  was  0.658 
gram  against  1.605  grams  for  the  corresponding  week  of  the  first  experiment; 
the  average  gain  per  daj  for  the  6  days  of  the  second  week  of  the  second  experi- 
ment was  0.876  gram.*" 

Comparison  of  gaint  or  loeses  of  mtrogtn,  phoaphoras,  and  guiphar. — ^With 
such  marked  gains  to  the  bod;  of  nitrogen,  phosphoms,  and  snlphur  as  were 
observed  dnring  both  of  these  experiments,  it  is  of  Interest  to  compare  the 
gains  or  losses  on  different  days  and  consequently  the  resnlta  are  recorded  in 
table  36S  herewith. 

By  comparing  the  gains  in  nitrogen  and  phosphoric  acid,  it  is  seen  that 
there  is  little  r^nlaril;  in  the  proportions  gained  during  the  first  week. 
For  example,  on  the  second  day  there  is  a  gain  of  over  9  grams  of  nitrogen 
and  10.5  grams  of  phosphoric  acid,  while  on  March  IS,  with  a  gain  of  13.9 
grams  of  nitrogen,  there  is  a  gain  of  a  little  over  6  grams  of  phosphoric  acid. 
The  amounts  of  sulphur  trioxide  gained  likewise  bear  little,  if  any,  relation  to 
either  the  nitrogen  or  the  phosphorus.  Ihtring  the  second  experiment  the 
gains  are  all  much  lees  than  during  the  first,  but  here  also  there  is  no  clear 
relationship  established  between  the  gains  or  losses  of  nitrogen,  phoBphome, 
and  sulphur  bo  far  as  the  individual  days  are  concerned. 

Ratios  of  nitrogen  to  phosphorus  and  nitrogen  to  sulphur  of  material  gained. 
— The  computed  gains  of  nitrogen,  phosphorus,  and  sulphur  may  be  used  to 
obtain  the  ratios  between  nitrogen  and  phosphoric  acid  and  nitrogen  and  snl- 
phur. These  ratios  are  of  interest  in  discussing  the  question  of  the  nature  of 
the  material  gained.  Since  the  method  of  apportionment  of  the  nitrogen, 
phosphoric  acid,  and  snlphui  of  the  feces  on  the  different  days  makes  the  accu- 
racy of  the  daily  gains  or  losses  doubtful  to  a  certain  extent,  the  ratios  are 
computed  per  week  only.  In  the  first  nitrogen  metabolism  experiment,  the 
ratios  of  nitrogen  to  phosphorus  pentoxide  for  the  4  periods  were  1.19,  2.27, 
3.89,  and  1.37.  In  the  second  nitrogen  metabolism  experiment,  the  ratios  of 
nitrogen  to  phosphorus  pentoxide  were  2.16  and  4.83,  respectively. 

"•Balance  of  income  and  outgo  of  snlpbur  (S)  and  phoaphoras  (P)  In  food  and 
feces,  of  ezperlmente  Nob.  70,  72,  74,  and  76. — It  was  Impracticable  to  determine 
sulphur  In  all  the  foods  used  In  Uie  calorimeter  experiments  and  hence  no  attempt 
was  made  to  estimate  the  absolute  Intake  of  sulphur.  8lmilarl7,  In  the  feces  of 
some  of  the  experiments,  especially  No.  70,  unsatisfactory  determinations  of  sulphur 
were  obtained.  The  results  of  sufficient  accuracy  to  warrant  publication  are  aa 
follows:  The  total  feces  for  the  3  days  of  experiment  No.  74  contained  0.104  gram 
of  sulphur  (S),  and  0.S12  gram  of  phosphorus  (P).  The  phosphoms  Intake  in  tike 
tooH  of  espOTlment  No.  74  was  1.26  grams  per  day.    In  experiment  No.  70,  there  was 
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Influence  of  .IsAmTios  on  Mbtaboush. 


The  ratio  of  nitrogen  to  sulphur  (S)  was  computed  only  for  the  first  week 
of  the  first  nitrogen  metaboliem  experiment  It  was  there  fonnd  to  be  12.7. 
In  the  second  nitrogen  metabolism  experiment,  the  ratios  were  11.5  and  13.9 
for  the  3  weeks,  respectively. 


Gkln  (-K)  or  lou  (- 


wi^  ,    10  Mid      trlozl<l« 
■"^     '     (Pfith    I     (BO,). 


{BOW. 


+  5. 
+  B.U 
+  8.  ' 
+  a.! 
+  13.87 
-H  3.30 
+  10.13 


ExpHNo.l. 
First  week: 
Hh.  14~1S.  . 
Uu-.  16-lS. . . 
Har.  16-17. . . 
Har.  17-18. . 
Hai.  18-19.. 
Mar.  19-20... 
Hm'.20-21.. 

Total,  lfltwt:«k'  + 
Av.  per  da;.. . 
Second  week: 
Uar.  21-22... 
Har.  22-23... 
Hai.  23-24.. 
Mar.  24-25.. 
Mar.  26-26... 
Har.  26-27.. 
Har.  27-28.. 

Total,  2d  week  4 
Av.perdajr.. 
Thiid  week: 


Mar.  29-30.., 
Har.  30-31.. 
Mar.31-Ap. 
Aft.    1-  2 
Apr.  2-  3. 
Apr.    3-  4. . 

Total,3dweek  +22.; 


3;-Ag.ij 


Av,  per  day. 


6.671+  1.494 

+  10.M7+  2.226 

8.331+  .846 

+  6.777^-  .403 

+  e.26a+  1.646 

4.037^+  .676 

+  4.861 


Fountll^eek: 
Apr.  4-6.... 

Apr.  6-6 

Apr.  6-7.... 
Apr.  7-8. . . . 


0.89  +0.414 
3.46  +  .672 
3.23    +1.S4S 


Apr.  12-13. . 
Apr.  13-14. . 
Apr.  14-15.. 
Apr.  15-16.. 
Apr.  16-17.. 
Apr.  17-18.. 
Apr.  18-lS.. 

Total,  1st  week 
Av.  per  day. 
Seoond'week: 
Apr.  19-20.. 
Apr.  2(^21... 
Apr.  21-22. 
Apr.  22-23. 
Apr.  23-24. 
Apr.  24-26. 
Apr.  25-26. 


4.94  +0.1 

2.661  +1.6 

2.46  +1.4 

6.94  +1.7 

2.42  +    .7 

7.42  +2.8 


+    . 


+  2.94 
+  6.78 
+  6.67 
+  1.! 
+  8.28 
4.52 
2.86 


+0.704 
+  .688 
+  1.227 
+  .503 
+  1.568 
+    .573 
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drafts  upon  the  phosphatic  material  of  the  bones  noticed  in  the  ratio  of  nitro- 
gen to  phosphoric  acid  in  the  fasting  experimentB  (see  table  213)  vere  firat 
made  ap  by  the  storage  of  phosphorus  during  the  ezperimente  with  food.  There 
is  exhibited  a  tendency  for  the  ratio  of  nitrogen  to  phosphoric  add  to  increase 
as  the  experiment  with  food  continues,  with  one  exception,  i.  e.,  the  fourth 
period  of  the  first  experiment.  This  is  observed  in  both  experiments  but  in  no 
case  does  the  ratio  approximate  the  ratio  of  nitrogen  to  phosphoric  acid  in 
fleah. 

The  ratio  of  nitrogen  to  sulphur  resembles  much  more  closely  the  ratio 
existing  in  flesh,  althoogh  as  has  been  pointed  out  before,  wide  variatioDS  in 
the  nitrogen-sulphur  ratio  in  the  proteids  of  the  body  occur.  The  ratio  is  low 
in  the  first  week  of  each  experiment  but  increases  in  the  second  week  of  the 
second  experiment. 

Variations  in  nitrogen,  avlphur,  and  phosphorus  content  of  the  hody. — The 
two  nitrogen  metabolism  experiments  here  reported,  taken  in  connection  with 
metaboliam  experimcDts  Noe.  75,  76,  and  77,  give  the  data  for  the  variations 
in  the  storage  of  nitrogen  in  the  body  of  this  subject  for  the  period  of  53  days. 
Beginning  with  experiment  No.  76,  there  was  a  loss  of  nitrogen  to  the  body 
for  7  days,  amounting  in  all  to  81.1  grama.  On  the  3  succeeding  days  food 
was  ingested,  but  there  was  still  a  loss  to  the  body  of  10.1  grams.  There  was 
then  a  recuperative  period  of  25  days,  during  which  there  was  gained  by  the 
body  136.1  grams  of  nitrogen.  Dnriog  the  i  days  of  the  fasting  experiment 
No.  ?7,  the  subject  lost  43.0  grams  of  nitrogen  and  there  was  then  a  recupera- 
tive period  of  2  weeks  during  which  time  he  gained  53.1  grams.  From  these 
data  and  from  the  detailed  figures  for  the  nitrogen  gain  of  each  day  given  in 
table  256,  it  can  be  seen  that  the  loss  of  91  grams  of  nitrogen  experienced  dur- 
ing experiments  Noe.  75  and  76  was  completely  made  up  by  March  26,  i.  e., 
in  12  days.  After  this  date  the  body  continued  to  store  nitrogen,  until  at  the 
beginning  of  experiment  No.  77  it  contained  45.0  grams  more  than  it  did  at 
the  beginning  of  experiment  No.  75.  There  was  lost,  during  experiment  No. 
77,  42.0  grams  of  nitrogen  but  the  daily  gains  show  that  by  April  24,  i.  e., 
in  12  days,  this  loss  had  been  made  up  and  the  body  was  still  storing  nitrogen 
when  the  experiment  ended. 

The  storage  of  equally  large  amounts  of  nitrogen  has  been  frequently 
observed,  especially  by  recent  writers,  and  it  is  very  much  to  be  regretted  that 
it  was  impossible  to  continue  similar  experiments  with  food  inside  the  respira- 
tion calorimeter  for  a  period  of  2  weeks  and  thereby  obtain  more  data  regard- 
ing the  specific  nature  of  the  material  stored.  It  is  obviously  impossible  from 
the  ratios  of  nitrogen,  phosphoric  acid,  and  sulphur  stored  to  draw  definite 
conclusions  regarding  the  nature  of  the  nitrogenous  material  gained  by  the 
body  other  than  that  the  phosphorus  storage  probably  represents  the  replenish- 
ment of  skeletal  phosphatic  material  rt^Jiher  than  nucleo-proteid.    On  the  other 
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ti&nd,  the  nitTogen-sulphar  ratio  would  imply  that  a  large  proportion  of  the 
nitrogen  was  stored  in  the  body  in  the  form  of  a  protein  with  a  composition 
approximating  that  of  flesh  protein. 

Sicbter '"  noticed  a  daily  gain  of  nitrogen  amonntiiig  to  12  grama  in  a  17- 
day  experiment  with  a  patient  who  had  snfFered  from  ceeophagns  gtrictnre. 
Lnthje  and  Berger/"  experimenting  with  a  healthy  man,  seemed  a  storage  of 
nitrogen  amounting  to  over  10  grama  per  day  for  oyer  a  week.  In  this  experi- 
ment the  calcium  oxide  and  phosphorus  pentoxide  were  also  determined,  and 
hence  the  amonnt  of  phoaphonu  available  for  the  formation  of  flesh 
calculated." 

In  studying  a  woman  who  was  mach  rednced  by  worry,  aleepIesaneBB,  and 
neglect  of  food,  bnt  otherwise  organically  sound,  White  &  Sprigs  "*  suc- 
ceeded in  securing  a  storage  of  nibt>gen  amonnting  to  661  grams  in  55  days. 

A  large  increase  in  the  nitrogenous  material  in  the  liver  of  ftttiin>1a  fed  after 
fasting  was  noted  by  Pugliese  "*  and  by  Seitz,"  who,  likewise,  oboerred  that 
tiie  increase  in  the  protein  of  the  liver  was  paralleled  by  an  increase  in  the  gly- 
cogen content. 

In  the  experimentB  here  reported  with  food  following  fast,  while  showing 
marked  gains  of  nitrogen,  sulphur,  and  phosphorus,  the  data  are  insufScient 
for  indicating  the  exact  nature  of  the  materif^  stored. 

■"Berllnsr  kllli.  Wochenachr.  <1M4),  p.  1271. 
■"Dnttocbaa  ArahlT  L  kiln.  Uedldn.  <1904),  81,  p.  ST8. 

™  An  «x«ellBnt  dlscnsalon  of  tbe  snblect  of  tlie  natura  ot  tb«  matarlal  gained  aftar 
(asting  Ifl  glvan  by  Ha«nas>Lev7,  PbTsloIoKl*  d«0  Stoltw«cbwls  (190fi).  pp.  SS7-364. 
•-Jonni.  of  PhysloL  (IWl),  86,  p.  IGl. 
■"Arcblv  dl  tarmacol.  e  sdense  aiBnl  (1904),  8,  p.  18B. 
■■Arctalv  t.  g.  PIiTSlologle  (1M6),  111,  p.  3W. 
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